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'.l'hia 'book mmmarizes the remlts of thc
experinontal and theoretical innetigatim
of the laws governing the heat proceu"l .ct 1
the atmosphere, shede light on the prineipl

regults of the theoretical resenrch on detlr-‘.:-.'_’ S
min:lng the temperature field of the atnos;:hero,
expounde the ..haory of tho zona.l. thomal ﬁ.elﬂ.
of the atmosphere, quotes’ and ana.lyzel th. )
calculations of the horizontal mro—tranefe; '4
of heat, non-turbulent and turbulent, for
the principal climateu, and diecuues the
present state of tha problen of the therul
regime of the stretosphere and the relatiomship
between the upper layers of the atwosphers
and the troponphei'e.‘

The readers not interested in the mathe-
natical aspecte of the problems discussed,

may ignore them without detracting from their

comprehension of the physical aspects of these
" prodlexs.

This monograph is intended for scientific
research workers, physicists and ieteorologilte,
climatologiate. and for the postgraduate and
graduate students of advanced courses in X gher

schools of hydrometeorology and university

departments of gepgraphy and physics,
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in ltmdiu of atmonpheric proceases tho ;orincipal conlldera.tion i| tho d.ynanieu of

5.

then procuses, 1. o., the pro‘blem of tha relationship ’botween thn vu'lmu !oreu

o

acting 1n the atnotphere anl the notions they have induced. The o.iroction nnd
velocity of atmospheric motionl, which are quantitatively obtained 'by rololving
corresponding equations of hydrodynamics. ax:e of 1nterest prima.rily 'becauu they
are rela.ted %o weather changes, - and the foreca,sting of these changec it of 1n-
media.te practical importance. But sufﬁcient a.ttention hac not 'been given to tho i
energetic: of atmospheric m'ocessel, 1. e:, the smdy of the origina.l ‘causes of the
‘ genesis of air cu.rrents. And yet. it is perfectly o‘bvioua that such resea.rch mst
be of fundan-ental 1;nportance not only accor:ling to its physical nature but alno
because of its practical applicability to weather forecasting: 1t is difﬁcult to
predict successfully the course of phenomen‘a whose causes bave ot beenladeq\mtely
investigated, h o
The kinetic energy of atmospheric motions arises owing to\ the ’interfml and

potential energiea of the air masses., As for the question of the storing-up of thess

forms of energy, this is a question of the conversion of the radiant energy of the
cun int'o these forms, i. e., & question of temperature distribution in the earth's
a.tmoaphére. Therefore, the problem of the theoretical explanation of the fox:mation

of the temperature field of the atmosphere is of cardinal irportance; it entalls

the possibil‘ity of finding a physicel explanation of the causes of atmospheric motions.
In the existing theoretical stulles of the general atmospheric circvlation, the factor
of temperature distri’oution is considered as a known factor(or an adiabatic state of
the processas in presupposed), and thus the question of the causes of circulation is
not ultima.tely rololnd. . .

) '.Ehe problem of the temperature field. of fﬁe atmosphere is ciosqu related to the:

questi.onn of "the formation of the ‘earth's climate, “TThe ‘contrests ’oetw‘“ean'..tho air

T T <

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/21 : CIA-RDP81-01043R004000180006-8



Declassified in Part - Sanitized Copy Approved for Release : 50-r 2014/03/21 : CIA-RDP81-O1043R004000180006-8

13 _— . -

e - - S
| C ~ S
temperatures in the lower and higher lahitudes, and over the contirents and tne oc.ansI_, ¢

.are the original causes of the presence of mumerous variat?ions in e¥% .. . from 7

@ « . \,._"mino to continental - on the torrestrial sphere.- ‘The ‘dilintegratio;. - " frents

. ’*4 ,(frontolysis) and the formation of cyclones and. anticyclones also are- closely related’
to the energetics of a.tmospharic procnues. Therofor the understanding of both the
stable processes creating the clirates of various regions and the unstable processes .
resulting in weather changes, is precicated cn the 1nvest1;;ation of the non-turbulent
.and turbulent horizontal heat transfers developing between the sources end ontlets of

heat in a moving atmosphers, However, in modern climatology and synoptic meteorology

very little attention has been paid to investigating the aivective and turbuient

trmsports of heat, - which are among the principal causes of the formation of the

physicnl foundation of climate and weather; morsover, the fev studies that ha.ve been

ude are either' of a qualitative nature or they suffer from quantitative inaccuracies

:i and vagueness.

‘p r—

N Studies of the stratosphere and the pro‘blom of the relationship between tho
upper layers of the atmosphers and the troposphere are of great importance to atnos~
pheric physics. Even nov, mich remains to be explained wi?:h regard to the structure
_of the stratosphere and, in particular, its heat processes. The mechanism of the
relaf._ionlhi;ps ‘netween various layers of the atmosphere, generally speaking, has not
‘been inyestigated in dynemic meteorology. In the meantime, investigations of this

group of related _problems which are ultimately 'bound. to provid.e the pbysical foun’-'

L ey o —
Ran,
»fl

dations for the effect on atmospheric processes of such cosmic energy sources as ;-

e T
QOPLLNC LR e
et s e e gy e

C i nltraviolet and corpuscular mdiation in the active areas of the sun, are very

. er— s e ceralSTERRL R —— —— e

:promising 1n view of their great significance and also ‘bocense they lie on the
boundary between two sclences - geophysics and astrophyezcs. As for the pra.ctlca.l
inportance of theso investigationa, it is self-evident- they should be 1nstrumanta1 !

’ 1n 1mproving the’ accuracy of weather forecasting.

- .1 s «Ihe prammt monograph commnicatos the results of the am:hor's studies nf .wm.,

T

“ principa.l pro'bloms of the hea.t procosnel in the atmosphere.
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: diutribution that u.iffcrl fron tho oxilting 'aheoriu ‘by it: greater conphtonu

citu a. solutien of uhe problu of th- azonal temperature distribution (charter 2).

" o
l»<

s ” 4 nlo, jhhis nonograph d.escri‘bet nethods of calculating t‘ho: aﬁosphcric hea.t 'trmfor
Yy n;ans o non-turbulent mcro‘-uivection a.nd ot horisontd. hxrbulcnt nixinz. which‘ o
maio it pouible to ohtain suﬁiciently accurata and deta.iled. cha.racteristicl ot thc
correnponding heat transport proceasea. Ca‘lcula.ticms e «da for the :ptinci:pal
‘climstes of the eu'th (chap*er 3) o Ry : ‘

rnrther, it aeacri'oes studie: of the heat procuses
hypothelis underlying these atudiel makes yoseible a closer p.pprbach‘ to the colntionmg.‘i-“ R
of the problem of the ¥intermixed" atmosphere (up to an altitude of 80 kilc;hetofi) o
Lastly, this monograph provides one of the possible hydrothemodgnanic schemes of

the relationship among the various layers of the a.'mosphere, designed 50 as ito take

account of the physical mechanisn of the effect of solar activity on the dynamic

processes in the traposphere (Chapter 1).

) Owing to the great complexity of the problems under study, it was not found
possible to obtain all the results through the purely theoretical approach; consequently.
some of them were obtained by processing expirical dnta..

The manuscript of this book was perused, with important revisions, 'by Test

S e

K. Ya. Xonﬂrat'igv, M,E. Shvets, and M, I. Yudin, to whon the au‘ohnr. expmsses ”hia

;..‘ a .

deep appreciation.

De I - gue . . _ agn N
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The tciperaturo\ hof» the oa.rth's atno:;pharo is one of the chief neteorological
elemmnts and one on which an immense mass of observational data has been accumulated,
. m study of heat processes in the atmosphere is of primary importance for
formlatiz;c a thoorg of climate, of the general circulation of the atmosphere and
for developing methods of weather forecasting. However, there does not as yet exist
a lufficiently complete quantitative theory explaining the observaed' temperature

distribution in the atmosphere, This is bscause of the great complexity of the whole

~of tho physical proceues detemining the thorml ltayo of the atmoaphere, and because

- - P -
s e eeemoar . ey

of -the mathematigal ccmplications arising in :{xe resolving of the corresnonding problems

} of dynanic meteorology. T T

et e o s S

" . f PR X

T <
- 2

. The qualitative picturs of heat processes in the atmosphere is represented as

[ Y

-

follows:
It is known that the air becomes warmed up principally as & result of the radiational

and turbulent transfer of heat from the earth's lurra.ce. The atnosphere is extremely

i
{
|

transparent to short-wave solar radiation, and. it absorbs to & great extent the long-

wavs rndi.ation enitted by the earth's surface. The long-wave rad.ia.tion emitted by

the earth's surface depends basically on the golar energy enterlng the earth's

- ntnosphsre- in qua.ntities varying with the latitude and the season of the year. The

mbstances a‘bsorni.ng the long-wave radlation a.ro chiefly water vapor, 9ar'hon dioxido.
uul ozone. 'rhereforo, the distribution of the atmosphere's elements in space na.y

onrt an 1nﬂuenco on the temperature distribution 1n the a’cmosphure.

e s e

L 'ru.r‘bu.lent nixing results in a reduction in the temperature gradients in both 'r.he

horizontal and. the vertical directions. 'rhe vertical turbulent ﬂux distri'buting ths

ettt

f«huf. 'botvnn th. sarth's surface and ths atmsphere depenis essentially on the physical
fu.turu of f.ha torrain below. Ths horizontal turbulent nac;ro-exchamge reduces the
. oqutorial tarnerature and 1ncreases the polar temperature, in which connection the

n;nitud »of its effect 1: greater :Ln tho proxhity of tha polel, because with an

,!

e e

D - gue . _ agn - :
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" of the latent heat of condens;tion, alao affect the atmospheric tempera.ture. 'l‘hil

" in the lower layers. The influence of the condensation of a.tmospheric water npor.:

AN e,

%,

a3,

| S |

v o -~

v 1n<n'eue in latimdo thc
" dagree intervnl (quadnnt). m horhontal turbulcnt rlnxu are ;particul:rly euential
. 1n tho polar areas 1n winter, whcn thoy,\ rt.ogether with advection. become terincipal }

. lourco of hut.

'm.nifeats itself at higher altitudes,i. e., - t the cloud-formation 1ew1.-.., .. . i

14

Lo - ey e ereemem —eme— ,_._-.‘.__ . A
b ", 28 ) -

var x,

'!he phau tranltomatiom of water, a.cconpaniod by the a‘blorption and liberation -, r

perta.ins primarily to the eva.pora.tion of vater fron the earth's lurface and thn

' -8
cond.ensa.tion of the water vapor in the af.mosphere, a.ccompa.nied by the formation of N

clouds and the cubsequent falling of precipita.tion. The influence of tha ova.pora.tion ol

from the: ea.rth‘s surface on the temperature of tha air is concentra,ted principally = .‘ .

In addition, the character of the underlying terrain and the distribu.tion of .

cloudiness,which determine thesreflectivity of the earth'a surfa.ce and of tho

13 s

atmosphere - the albedo - 1imit the quantity of the solar energy being a.'bnor'bed by the i

earth's surface. ' :
Clouds not only reflect golar radiation, by removing a portion of it back into

space from the atmocphere, and not only constitute areas of ‘he liberation (or absorption)

of the latent heat of condensation, but also absor‘b long-wave ra.diation and are tranl-

parent to short-wave radiation in a msmner differing from that of the free ntmosphere.

The wind, which produces a pon-turbulent itransfer of heat from individual atmos-

pheric regions inte others, aleo exerts an essential influence on the thermal regime

of the atmosphere,

All these factors do not operate independently; they are interrelated by the

general processes of the varistions in the quantities of heat and of motion with
respect to both space and time, as expressed by the corresponding lawe of conservation
applied to the conditions of the carthis atmosphers.

Therefore, the problem of. determining atmosph ‘ic femperature in the most genora.l

£o<rn is reduced to deriving the following set of equations of thermo- and: hydrodynanics,: i

STAT: >

e e
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Bquation of motion
. [ e e Lo
; —F - —vn-2lw-vl+ Bav’ U TTQ)
1 dt }
_ ! . ,.J. . r— J— - o (SN - K
@ ‘ Equation of contimuity . . ‘ T -:1;' R |
e N (2
: + divpy —0. ' )
' Equetion of state ¢
, . 7 T p=eRT. f (3
| Equation of heat _inﬂux .
E— ’ .]_ t= ” A . I L (l"’)
: S _—I ) ) ' t

B S

+ where V i..-.; the’ ;re-loc ity vector, F is the vector of :Ixasslforces, ® !is the yvector of |
angular velocity of the earth's rotation, p \ is the coefficient of turbulent viscosity
J is air pressure, T is air temperature, R is the gas constant, A is the thermal
) work equivalent, ¢ lis the influx of heat to a unit of air volume per time unit, t is .

time and cp is +he specific heat at constant pressure.

t
The heat influx in the atmosphere is effected by radiative and. turbulent process es,

and also by the phase transformations of water vapor. Kquatlons (1) to (W) forn &

closed set of equations with respect to the four unknowns '1!,”,,. p, and ¥V only in the

-

=s if no new unknown functions are introduced into this set when determining the

heat influx % ey for example; for adiabatic motions, when s——o ,0T in cases when “

nay be considered as a set function of coordinates, time or also of the sought—for
functions, Therefor., in particular, for processes in which the heat flux is effected
- ioibly through heat conductivity, the above sét of equations proves to be closed,

P

- ‘becanse ‘here e, (T. P)~

SR

12'

Generaliy :peaking, however. the introduction ot’ the e Ai'xmction necessitates a

e"
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fcr d.etermining these nevi zunctiona entaﬂ.é é. 1 ficul des of 'bbih‘té;ﬁéﬁbemaég@fﬂéii

e -

- Physical na.ture. o \.—_ ': B L cono o

PP

. -

In effect, in this case v LSl :
. I et RS
DU e T ) "; i——awR | .. . m

PRV A . et R A
N N % ST T Lz

Here R is the radiant energy flux: the quantity of redisnt energy in all possi'ble

directions passing during a time unit through a crosssectional-area unit (at a given

direction of the normal to the }atte:).:

By definition . ., e T R
R= /'dv /'1 (r)cos(n r)dn, 2
SO

4 o S

——— -

RS

where I).1s intensity of rediation of frequency \):. whicﬁ, unlike R, depends on direction
T,

To determine Iy , use is made of the equation of radient energy transfer, which
ig a relation regulating the change in Ip along a ray of given direction T in a medium

characterized by gbsorption coefficient ay and scattering coefficient ory,

-~ . D e m— = - .

; . %01 =, 'T‘4 f} (rl).r'(r’)dﬂ) —(a+a)1 . (5)

~ -.'....__ et — o — ——— -

.Here, 1, is the radiation coefficient - t‘ne quantity of radxam; energy of fre-
quency Y being emitted by a mass unit during a time unit per soclid-angle unit{assuning

that the mess portion emits identical quantities of energy in all directicns).

o p— -

I—-—A
\ (P r ;-')" - 'is the function determing the scattering law - the variation in

I' (r, P) owing to the redistribution of energy among the verious directions r' from
point Po

From the total quantlty of the scettered energy of a ¥ - directed ray equal %o

ovly P, ) Pd'. . the “alpdr, ix 'I,(P r 1’) " . portion deviates along the

r-direction, The ('{, - function should satisfy the cendit:.on

¥

xf'r.(P r,ryde’ =1, ‘; :

Al
1] . B )

_, v mm——— P catnae

where d.’ ) is the solid-a.ngle component corresponding to the rt -direction, a.nd.f is

.

STAT
-T-
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the density of ‘the radlation-ebsorbing subutances I {/="'1; scatisring is homogenecvs.
'!he aense of eq. (5) thus consists in the clrcumstance that the intensity of

radiation ﬁl, along a ray r veries owing to the processes of radiation, absorption

and scattering. The ¥ frequency-integration of this equation entails considerable
mathematical difficulties owing to the qomplexity of the absorption specira of the
atmospharic-air constituents, '

1

Thé | @y Ou a.nd]; functions are usually given, in which connection it is assumed

thatay a.nd o'y do not depend on T (isotropic radiation). Consequently, the relation-

ship (5) contalns two unknown functions, I. (anu 'n,, , the determinaticn of which requires
the finding of yet another relationship, This relationship can be found after ma-:ing
the agsumption that thermal conditions in the atmosphere correspond to a state of
%1ocal thermodynamic -equilibriun"’, This state is closely related to the concept of
the thermodynemic equilibrium. Thermodynamic equilibrium exists when a medium has a
yemperature that is jdentical ot all points and is. the same as the temperature of

the walls confiningz the medium, The radiation field of a system existing in such

an equilibrium displays the simplest properties: I, is of an identicel value in 211
points of the medlum {refraction index equals 1) and is not affected by direction

of the ray (isotropic radistion). Such & medium is subject to Kirchhoff's law:

(6

because at thermodynamic equilibrium

1

o e

where B.kis intensity of re.iia.’cion of an sbsolutely bdlack body.

Lnasnm.ch as the therma.l st,ate of the earth's atmosphere does not satisfy the

. conditions of thermodynamic eouilibrium, and its temperature varies from poi.nt to
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point and[\i: -/: B‘, vy 1 Kirchhoif's la.u in fom (7) 15 not a‘g;ﬂ:i'cé.%i’e' :bo“. tlile"ééicziiaéibn

¢ e

sy - —

of the ra&ia.tive cheracteristics of. that atmosphere. RN
As introduced by the astrophysiciats, the term "local thermodynamic eouili‘brium" -
charac'cenzen such a state of the medium in vhich the relationship (6) is. satisfied.

at every point in the medium but the cla.ssxcally conceived (eq. n thermodynamic

- 2 RS -',‘;-_': R -J,-..-.,ﬁf LR

equilibrium is a'bsent. RO S e Tl

Tembere:ture may vary ‘from point to point in the ‘medium, but every such point

should be éharactéi’iéed by a definite temperature: every particle of the mediun
exists, as it wer:e. in a thermodynamic eqixili'brium at its characteristic temperature.

A nunber of inipdrtant aétrophysicél pz:oi:le:&s has been resolved on the basls of such

an interpretation of Kircixhoff‘i lawe In meteofology alsb,ojthe concept of "local’

thermodynanic eé_uili‘brium" is utilized as a satiéfactory approximation of the conditions

in the lower layers of the atmosphere, In the upper leyers, where the processei' of
rediant energy absorption play & considerebly smaller role than the processes of
scettering, the local thermodynamic equilibrium will fot oceur, - - .

1f expression (6) be y-integrated, in using Planck's formula +'o::B' when o= 1

the following well-known relation is obtained:

=) @

o 3 -

which is termed the §tefan-Boltzme.nn law. "Here E is the rediation flux of an a.bnolutely
black body.

Thus, the added consideratlion in a problem of the radistive flux of heat R would
require the introduction of two complementary equations, (5) end (6), in order to
close the set of equations (1)-(W).

Given the distribution of absorbing substances in the atmosphere, then, in

resolving the set of equations (1)-(¥), (5), end (6), at definite initial and ‘boundary

conditions, we will obtain the quantitative cheracteristic of the thermal and dynamic

processes in ih= almosphere that have been gielitatively described sabove.
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FUNDAMENTAL PROBLEMS OF THE HEAT PROCESSES IN
THE ATMOSPHERE

The Heat Processes in the Stratosphere

The, roed toward the derivetion of the complete closed set of the afore-written
nonlinear differential equations is impeded by as yet insurmountable complicitions
of a physical and mathematlical ﬁat;ure.z

Therefore, in its application to tine determination of temperature snd to all

other problems of dynamic meteorslogy, the above complete set of equations is subjected

- —— e

to various types of simplification in accordance with this or that stylization of the

—

problen being resolved., Here the sense of these simplifications consists in that,

out of the aggregate of factors determining atmospheric temperature, various investil-
(b gators seiect only some such factors, and the essence of the results they obtain
_‘\__\_’_Egnsists in the evai\iz:f:ion of the influence of the isolated factors on the temperature
regine of the atmosphere,
From this viewpoint, ressarch projects conducted up to the present ;re' of a
very great importance_, . . . I
The first studies in this direction (H}mphz:eys, Gold, Emden) assisted in clari-
fying the question of the heat-process regime in the principal layers of the atmosphere,
- Subsequently, it became clear which components of heat influx ¢ determine the temperature

stratification of * i troposphere and stratosphere. That iz to say, the most probable

hypothesis becams that, as a first approzimation, the temperature of the stratosphere

is established as a rasult of a radiative equilibrium at which egs. (4) and (k)

are reduced to

e=—divR=0 - (9

o B e Sy e e e emm Ll G )

-—

Phis condition means thet the abmaspherz is stationary, that it lacks any sources

of heat and is not acted upon by any process of heat transfer other than the radiational |

$=l0-
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other word.s, this means 4hat, for every .percel of ‘the aix mass, the sum of heatin;

(owing to the absorption of. radiation) and cooling (owing to emission of radia‘bion)

equals zero., On reintegra.jbing eqe (9) throughcmt.the en'qi?e;jolu;ne of "h'e;atn_mgpheu

4

we obtain - - . R -,‘, 2, L,
N % N = . - . . A p.;' o 3.0 .11":”_‘,4-

s
P e e d T

:_‘_k; < chonst ',' e (10) g g" L

LTI
A% 211 pointe in the atmosphere the radiationsl flux naintal@:ié"an"i"d’éhtiééii' o

x}a?_ue- équa.i ';o its wiai\ie at any 5oﬁﬁdary of the atmoaﬁhéiié, e.' g. N :;t? the jﬁipe; ll\id.l’_;\' .

T

L - o f M - ~ . RN 4
< e e P e . P ..

b —_—

boundery

where S, is incoming solar rediation, Bg is the ouigoing terrestrial radiation, and

Rg is the radiation balance of the earth-atmosphere system.

Eqs. (9), (10) and (11) represent different treatments of the radistional
equilibrium conditon.

Having resclved the thus stylized problem, Emden succeeded in obiaining for the
gtratosghere the correct velue of the mean anmuel temperature in the middle latitudes
and in obtaining the corresponding isothermal vertical profile, And indeed, the
vertical temperature lapse rates in the stratosphere are approximately of an.order
less then those of the troposphere, Hence, it was possible to conclude in due time
that the thermel regime of the stratosphere corresponds to conditiocns (9), (19) and
(11). ‘

1t can be very easily ascertained tbat the absorption of rediation by the atmos-
phere ceuses an increase in the temperature at the earth's surface and a decrease in
the temperature at the upper boundary of the atmosphere. In 'effect, if the eerth did
not have an atmosphere or if it had an stmosphere totally jncepable of absorbing
radistion, there would have to exist an equilibrium, on an average, for a1l latitudes
and during a lengthy period of tire, 'betweer; the incoming solar radiation and the

hermal radiation being emitted by the earthts surface, In this case, the temperature

STAT
~1l-
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of the earth‘s surface would equal 2420 ¥,"" 'this ‘value is tod XoW edufpardd’ Hith the
observed 2870-K temperature of the earth's surface and too high compared with the
temperature of the stratosphere.
Let us survey in greater detail Emden's problem, which constituted the first

atterpt at a theoretical explanation of‘ the heat processes in the atmosphere,

. Bmden adapted trensfer equation (5) to very gimplified conditions. Water vapor
was the only absorbing substance he took into account, as & grey body with absorption
coefficient a, for long-wave raiiation 1>3l"‘1 and . 8, for short-wave solar radiation

- l<§"3 ; in which connection the radiastion fluxes are propageted only in the verﬁi-

cal direction. Consequently, the gelectivity of radiation absorption and the dif-
fusivity of radiation propagation were ignored. The processes of radiation scattering
were also not considered. '

Thersupon: 1. cos (r, n) =1
- | QI

R=A_BIS,

e e b ’

vhere A and B are downward-and-upward-directed long-wave radiation fluxes, respectively:
2. v v’l;—s‘ﬂ;ﬁ:'“ £;

3, pdz dm,” '_

[

where m is the quantity of water vapor with p ldensity in an atmospheric column of a unit|

cross-section and of height:z;’

R . -
i b, 5 =0

% g = ———r_ -

Let us obtain from (5) the transfer equation for flux A

>— -y

%:—%E‘F“Ai .‘

——— 2

"4 T e X

(13)

'.Bq_. (11-) 18 thus written for the ra.dlatlve-eq_uilibrium condition:

[~ 1~_ -
R >, Eoas
!

‘
. - { c—-—diVR‘—'—;;,"'dm dm =0. (1)4’)

e
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N < s 1ok kY A
l'vl)!""ttrb Ve v SR N, LU

Herie; S represen’ss aha eole.r re.die.tion ﬂn.x. '

.1, i._s. -
!Ehe su'bltitution of eqa. (12) a.nd. (13) into (11+) givat Eﬂ

+¢ (A+B) 2a,E ':' ' , " (15)

Jo et - ™ .

Eq. (15) shows that the ra.dia.'cion’ of every mass unit is compensated by the

-A—-N_.,
R

absorption of eolar radiation S, and. 04. 1ong-wa.ve A. a.nd. B radistion.

o

e s Vet T

v

The, mtegration of (114) yislds , -
T TTTISEBTASSR T L a8

bon

PR © e Py
.- - PO )

vhere —Rg 15 ‘the difference (independent of m) betwsen incoming downward and upward l

-

ra.diation. The combination of (12) and (13) in teking (14) into account and the ‘

mbstitu.tion into (16) yield.- : . . |

4 T e - —— - . ;

. 2——=_T—als+'iR N . (17)

-~ .
- —— -

Let us integrate (17) under the condition that counter-radiation is abgent at ;
the upper boundary of ti:e atmosphere when m = M, i, e., A(M) = O.

Thereipon, we cotain

—— {

i - - o e

M .
A(m\—-—--}s[ (M)—-S(m)—l—alf‘Sdm—G‘R,(M—M)]L?_(IS)‘

T oo — - e e Yo e

Substituting (18) into (12) let us find the temperatare distribution by

altitude T(m)s’

A
‘ : oT4(m)——lS(M)+a;dem+— ——a,R Mm— m)—R‘ )

Whence the temparature at the upper boundary of the atmosphers 1is

- .. T—

1 1dS | !
m;,_z/-‘f_S{MP-,lm R,]-.-L (19)

R Py

The averzge S{M) for all iatitudes may be determired by the solar constant Ige
reduced by the correction for the reflection of solar radiation from the atmosphere,

clcovis and the earth!s surface, into outer space, because the reflected part ersris

STAT
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no thermal effect on the atmosphere. The mean quantity of solar energy On an average
- falling onto a unit area, per unit of time at the upper boundary of the atmosphere
"is as follows:

L sm ——-(1—1‘) : (20)
. N ———

The g value is termed the energetics albedo of the earth, or the albedo of the
earth-atmosphere system, )

The incoming and cn;tgoing radietion should be considered mutually equal as
averaged for the earth as a whole over long time intervals, becance the atmosphere
does not cool from year to year, as it retalns a constant mean temperature. conse-
quently, for these conditions, Rg = O. Inasmuch as the solar radiation arriving at

some m-level is represented by the expression

: _ -S(m)a-.g(M)e_"(M:;i: _ ' (21)

where o is the "grey" absorption coefficient for short-wave radiation, we obtain the

following expression for boundary temperature

. e e = _.._. e

| T V—S(M)( +: “). (22)

On substituting the numerical values of I, = 1.91 calories/square centimeter/
minute anda,__-T-i,‘Z.j square centimeters/gram, and-a, =-4'.0.1053 square centimeters/granm,
Emden obtainc;d.: a value equal to —68.5° for the temperature of the stratosphere at
the condition of radiative eq_uili'orium, vhich agrees satisfactorily wzth the actual,
latitua.inal nean anzmal temperature of the atratosphere (—650) Let us mte that
the computed tempera.tures obtalned from thfs radiative equilibrium condition are
temed radiational temperatures, The grad.ients obtained by Emden for the tropnsphere
were mperad.ia‘batlc, but the boundary temera.ture (22) was obtained upward from a
].evel of as 1istle as 10 kilomeiers, i. e., an approximate "isothermal state is
established abnve the tropopauss,

Hanca onld he concluded that the troposphere obvieusly is not in a radiational
STAT
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At T l" ;- =

equili?rium, 'hrﬂ{,e f;)r thc stretosphere I-hnden'l calculations prOVidO a good &PPI‘OI’»- el e
ok & m-;‘m: ;v_& P = M < 1

mtioq d.aspite the:lr pronounced smpliflcatiom in letting up the problen.

f r,'—

At should. 'ba noted that formla (22) providu a very wealt relationship between

YR

stratonpher:lc tenperature T(H) and. radiation a’nlurption ‘by water vepor, hecauu for,. .

it the ratioﬂ o = 0,046 il smll compe.red. with unity. ZBut a‘bove 20 kilometerl. PR
> A e e

' 5

where the princ:pel absor‘bing medium is no longer water vapor but ozone {for which

the % ratio is much higher than for water vepor), formila (22) yields higher -
a
temperatures than in the lower stratosphere, Such a temperature rise is indeed

obgerved in reality u.nd consequently, Emden‘s theory provides a valid explanation ’

L . . e e A

ther.of. . .l ‘» s e Do w R ’
For the latitudinal course of temperature the calculations based cn (22) give *
result€ incompatible with the actually observed distribution., Owing to the pole-ward

decrease in S(M) from the equetor, T(¥) has the following values:

S‘(M)callcm min
T () °K

o pod Tiaed -
T actual

S -

In reslity, the actual temperature of the stratosphere T increases pole-

uci;ual
ward from the equator @ .

Milgge /75/showed that thie contradiction can be eliminated If it be assumed thet
Ry is positive in the tropics and negative in the polm‘- areas, Thereupon, inasmuch
as then the 5‘; R,, term will be included under the root symbol, formla (22) will
give the correct latitudinal course of 7{(M), Such an assumption with respect to Rg

corresponds with reality, becsuse it signifies that in the troples the influx of

solar radiation exceeds the terrestrial irradiation, while in polar areas, conversely,
irradiation predorinates, However, it is impogsidle to introduce greater accuracy into

the calculations of M(H) according to (22) owlng to a certain given latitudinal

distribution of Ry , beceuse the quantitative calculations of the outgoing terrestiriel

STAT
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*vadlaviod already prusappose es known the temperature- distrivusion throughouk. the
entire atmosphers including its upper boundary. Therefors, Mugge proceeded differently.
Insswach as the latitudinal profile of zoral temperatures has an extremely simple
geometrical form, 1t could be expected that it would be possible %o obtain a quite
satisfactory approximation of that profile by means of a relationship containing only
two to-be-determined perameters, For the temperature of the stratosphere Migge selected .

the following approximation function:

; } - T(M)==d-+}gsine. (23)

\

In order to determine the parameters g and 4 it is necessary to f£ind two condltions.

In order to obtain the first conditon, lﬁigge got the temperature of the siratosphere

at a certain latitude, viz., he assumed T(M) = 220° (Centigrade) for latitude ?= ?2°N,

in accordance with repeated observations. Then having substituted the corresponding

value of sin®=0.789 into eq. (23), we obtain
1

- ib dw=220—0T8%. - ! (24)

The second condition was obtained by Miigze from the following considerations:

If —Bs =(?S is the quantity of heat conveyed to or from an air column with a trans-

. \"
verse cross-gsection of one square centimeter by advective fluxes inside the troposphere
at latltude p, taen the quantity of heat transported by advective fluxes through a

circle bounded by the equator and latitudeg,will be

e e e e e 17 SRTe
/ . -
!" R,=2ax f R, cos o de.
i v . g

1

(where o is the radius of"ithe earth), This total flux, transported across latitudiel

parallels, should revert to zero at the pola, 'Vhence

!

O i s ] <

1 i '
i _[Ricospdp=0. (25)
Having substituted here the Rg expression according to Ender, Migge obtained

- - U

after integration the second condition for dsterminirg q and &, He approximated the

incoming solar radiation by a latitudinal :function in the following.form:

STAT...|
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“"M:S(M)— (l I‘)cos?
: - TR L.wx...-t

: The calculations £ave: @ = 38 and d = 190. Thereupon, Migge succeeded. 1n con-‘
structing the latitudinal’ aist«fnutions of m(u) according to (23) and of Ry from (19)

(Figs. 1 and. 2) L IR “ 4” L i :;:: R T

_As .1t can be geen from Fig. 1, the computed T(M) values. approximate the actua.l

ones., Essentially, here T(M) is determined independently of Rg. The inclusion of

Rg for determining the ‘q and & parameter ie purely fomel and' therefore unnecessary,.

:..-1 - maams

) i
37 & s Y,

Fig. 1. Relationship Between Stratespheric Temparature and Geographic Latitude

R A T e -
log, cgl/mn 5‘
~_ ) L
ar \'\
.00
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-0'5 hd . i
0 ¥ w T .

1 pops

Pig. 2. Quantity of Radiative Heat Rg Transported To An Atmospheric 001um.n With a

Crosg-Section of One Square Centimeter
Actuslly, eq. (25) denotes a radiational equilibrium condition satisfied for the
earth as a whole, on the average. ’Inasmch as this condition determines the temperature

of the stratosphere in the moderate latitudes (30 to 1IO°), the method of determining

{}) is thue, acocrding to Migge, reduced to deternining the curve of (23) in the STAT
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wherc !(O) in tho tenpamturo of th. aarth'n .m.fac,’ and 31 and Bp are tho flu.xu ' R

v oy

in tho transparent a.nd. nontranspe.rent interva.ll of the spectrum, re-pectinly..
After com‘bining (28) with (29) and m‘bltituting 32 from (30) ve. obtain LS '

sy P 3 I s Vi
s ).‘__'._. Lo~ s

A ii—a,s+a.(B,+R,) \ s ,‘

dm

0

T et ey

_1..

S o TR AATE Ay ..“'~,.:. PRV et e e

_Fron (29) TR

. Zaal 12

1dS = =

. M
‘ E(m)=-21f{S(M)+¢,ngdm+:§;—j

— (B, +R) (M—m) — B+ R

———————

From condition. N

. ~e
S B

T e

_ - i B=(1 —f) [B,}B,(0)]

and by means of (30) we obtain

’ B.—(l —f)lA(0)+S(0)—R.l. .

- - et e e
fo—

B,-—_-W—%},W[(w")sw)f( )S(O)—(a,M+2>R] 1
R .o L

e — -
———,

n-om this equation and i’rom (27) we mmediately obtain 7(0) and T(M) from (31)

i
H

- B S,

2fsTS (M) = (1+°°)S(M)—(B,+R,) _ '

- B il

After substituting the above-~indiceted quantitative velues forg a,, £ when Rg =0,
1t can be found that the temperature of the earth's surface is 7(0) = 365°, while
the temperature at the upper boundary of the atmosphere is T(M) = 129°,

A similar value of T(K), just as fer reroved from the actually observed velues,

&

was obtained by Mdller's calculations L70], in which he divided the long-wave absorp-

+ tion spectrum of water vapor into two regions,' 2, = 100 cm~1 and: 2,—“-;1 crl, with

\
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?( 9?(% i'ntarval_ according to two polnts (which ca de Gs..rfi.aﬁ. gub, smbie- . .. .
f.ac.t‘orn‘y oﬁng t'o the simplicity of the latitudinal profile of the actual stratosphsric
temperatures). Such a determination of T(M) is inherently formal and.. has no physical |
foundations that could erxplain the obtained results. As for the Rg flux, it is ob-
tained as a consequance of (23) and therefore it can not be used to explain the
latitudinal courss of T(M).

I% is to be noted that .according to Emden's formlas, T(M) depends on absorvtion
coefficients «, andta; for water vapor and is independent of the quantity and of
the vertical distribution of that vapor.

The assumption of the "grey® absorption of radiation in the atmosphere appears
to be too crude an approximation of the actual spectrun of water vapor,

However, attempts at a more accurate consideration of the'selectivity of radiation’
absorption by water vapor have demonstrated clearly that in the stratosphere not only ’
the horizontal but also the vertical temperature distribution does not correspond
with a radiational equilibrium with respect to water vapor, This cen be ascertained
by recalculating the (M) temperatures by means of the simplest approximation of the

water-vapor absorption spectrum as proposed by Albrecht [E"ﬂ s+ at 9 to 12 microns water

vapor is considered transparent, while in the remaining part ‘of ite spectrum the
abgorption 18 so great that a quantity of water vapor corresponding to 0.03 centimetsrs
of water attemiatss the incident radiation by 95 percent. This leads to an «, absorp~

tion, coefficient with a value of “&:ﬂ%mo ca-l (par volume unit). The pert of radi-
) = .

- peta,
o aets had

atlon comprised within the 9-1é_g,_i;nterval is assumed equal to 1 — f = O.Ié in
____ _relation to total radiation o7¥ ,

Thereupon, the equations of radiative equilibrium will have the following fornm:

. \} - B,.=(l'_—f)c~:"7'4-('0j, . ; ) (27

. m—

o
| (28)

"’} (29)

-

—_——

T —————— . g —

-18- v

“I-S+BAB—A=—R. [ _ | (or
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rvioia RN R N . . i A i o o ;
e _ where 'f'(o) 1= the temparature of the earth's mrface, a.nd Bl -and Bg are the. nuxu

oyt

) in the transparent and nontransparent interval- of the spectrum, respectivcly.x

After combining (as) with (29) and mb-tituting By fron (30) we. o'b’cainw .

@—a.8+«.(8.+/e,>

b 2
B B BTN
a e =

0

. and - <. . ] : ) ’ e S <

e o PR g —

g e T e

-
A(M)z-%lS(M)—S(m)Taldem —a; (BI+R‘)(M—-M)I ‘, \ ,,"; el

el ¢

)
N

| _ I‘ron (29)

PIES ity e ap s pene e S S

S, . w A T N S
3 a ORI

M Y‘- . e,
- E(”‘)=zlfls(M)+a,dem-}-%5%;—}” e

t

S
—a.(Bx+R,)(M—m)—<B,+R,)}. .

From condition.

] -

i =(1 —f) 1B, +B: (0)}

and by means of (30) we obtain

B o

_(1'_.1) AO+S© —RJ, |

t
e

B, == ﬁ(}:ffm[(l-{-")suw)-p( ) S@©Q) — (a,M+2)R]

]
I
|-

e l

- P o - — -—_Q,___

n From this equation and i‘rom (27) we imned:.ately obtain T(0) and T(M) from (31)

.‘

P

- -

3
1

. [‘ —s‘
o= (1+2)SU—B+R). |

After sudbsiituting the above-indicated quantitative velues forg a,, £ when Rg =0,
it cen be found that the tempersture of the earth's surface is T(0) = 365°, while
the temperature at the up.per bourdary of the atmosphere i T(M) = 129°,

A similar value of T(¥), Just as fer reroved fr;m the actually observed velues,

was obtained by Molier's calculations 70/, in which he divided ths long-wave abscrp-

tion spectrum of water vapor into two regions,’ %,= 100 cm-1 andi g, =1 corl, with

t

- an
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.the dew point continues to decrease at the same rate as in the troposphere., The

_very weak part of the band, at eppioximately lO,w » only :on3' percent of the radiation )
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the relative energy reglons of f3 = 0,552 and f2 = 0,448, respectively, and derived
the set of four differential equations of form (12) and (13) in relation to By, Bp,

A1, and Ap, It was found that T(0) = 313° and T(M) = 136° , in which connection thers
1s no isothermal state in the stratosphere (at the 10-kilomster altitude, T = 173°,

80 that thenceforth to the boundary of the atmosphere the temperaturs decreases by

37 degrees).

Accordingly, the computed T(M) vaeluss do not egree with ths observed values of
temperature in the stratosphere, Therefore, Linke and H*ollar [5‘_’7 cane to the con-
clusion that it is impossible to determine approximately the radiative equilibrium
in the stratosphere without taking account of the COp and 03 absorption, This was
already noted by Lindemann (in 1919) but only superficially , because at that time
sufficient data on radiation absorption in the atmosphere was not availsble,

Investigations of the processes of cooling and heating in the atmosphere, as
corroborated by observations, indicate that the thermal effectiveness of water vapor
is insignificant at altitudes above 1% kilometers, while carbon dioxide at high altitudes
exorts a strong radiational effect, Therefore, it may be conjectured that the combined
radiation by carbon dioxide and water vapor exorts a pronouncad effect on the forma-
tion of the stratosphere, Above altitudes of 20 kilomei:ex.'s, ozone begins to particlpate.
in the radiative processes, . ,

. The amount of water vapor in the stratosphere is very low, according %o measuraxr}enta

by Dobson [52/, Barrett [B7/ and others. For several kilometers above the tropopause

relative humldity at the altitude of 2 kilometers above the troposphere becomes less
that one percent, and the total amount of water vapor decreases to 10-10 grams/cubic
cantimeter.. Accordi:ng to the spesctogrephic aeroplane meesurements made over England,
it may be tentatively concluded that at altitudes sbove 10 kilometers the water vapor
present amounts to approximately 1.4t - 10~3 grams/cubic centimeter,

45+ + As for COz, it has & very intense absorp: on vand at approximately, 15um. In the.

«
e . 3 ¢ s

. ur
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"ontiro a.tmospharo.ﬁ The strong part of ‘the band a.t 11/1-. liel on the thrnhold of th.

*

s long-wan -:pectrnn.u 5 R %m‘ ST i o INE ', PR
‘ - The a'blorption in-the:15-s band is known. Moller [TL] calculated in his ‘diagram
Athe :COp radiation emitted by the isothermal stratosphere, and found its maximum effect
to 1lie at the 26-kilometer altitude vith a cooling of 1.5 to 2,00 (C) per day. It is ;
obvious that amctually the maximum cooling level is located somewhat lower, because ’ ;
the calculations assumed too high a value of the volume concentration of’ 002 (0.0} percent).
The radiational effect of ozone was also not considered here. Some investigators
assume that, in the lower stratosphers,’ the retarding (lag) effect of 002 on the
outgoing radiation should ceuse a wming—ux; effect. Linke and Moller [59] showed
that in the moderats latitudes carbon dioxide will exert a heating effect in the
tropopause, and this conclusion vas reached also by Goody. T
Ozone has a sufficiently intense absorption band at approximately ih,u,. situated
nearly in the same location as the COp bend, The fine structure of the 03 band, which
provaebly differs from the finse structure of the COp band, is not known and cannot,
therefore, De considered in the calculations, Inaesmuch as one half of the ozone total -
is present at altitudes above 20 kilometers, the COs-outgoing radiation is thus
shielded to a considerable extent, so that the radiation losses of the atmosphere in
thig wave-lehéth interval occur at higher levels. The experimental situdies of the '

ozone spectrum are still unsatisfactory, In addition to the 114»—/.4 band there is another

intense band at approximately 9.6,u, » situated precisely in the transparency interval
of the absorpiion spectrum of water wvapor,

Owing to extensive research the ozone content in the atmosphere and the vertical
distribution of czone are well known, Recently, this verticel distribution was optically
measured bx neans of rockets [Eg o The resulting data on ozone distribtution was
obtained for two dsys. The ultraviolet spectrun of the run wae photographed by means
of szal) automatic spectographs. No ozone was found at ﬁtitud.es sbove 45 kilometers,

and the maximum concentration of ozone was found at altitudes between 1% and 24

LSTEE
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The previonsly deduced (Govan. Penndorf) conclusiom slbout r.he radiation phenomona
relating tq ozone were based on incorrect labora.tpry measurements of absorption
coefficients by Hettner., Therefore, their conclusions concerning the thermal effect
of ozone at various altitudes can not be considered correct. Recently, Oder [73]
carried out new calculations, Inasmuch as he used mean absorption coefficients for

the individual bands in his calculations, which distorts the transparency function,

* his results do not pretend to be quantitatively accurate,

However, the conclugions he inferred are very interesting, At an altitude of
approximately 40 kilometers, radiation by ozone causes a caoling of the atmosphers
at the rate of about 8% an hour, It is not very easy to explain what processes in
the upper layers compensate this considerable cooling.- At lower altitudes, 03 induces,
for the same reasons as €05, a warming effect.

In the atmosphere there is still quite a number of oiher polyatomic gases with
infrared absorption bands (N0, NOo, CHy, and others) but in such inconsiderable
quantities that they can not play any major role in the absorption and emission of
radlation, - ‘ E

It should be noted that t};e rosearch in the radiational processes in the
stratosphere is a considerably more difficult problem than the analogous ressarch
in the tr;;o;gi;re. First of all, the absorbing medium here is at a very low prassure,
and therefore it 1s alwayc difficult to establish the limits to which the absorption
ccieffi:cients' me;sured under- la‘bora‘tory conditions may be utilized, The relationship

‘bctveen a.bsorption and temperature is indefinite, the extent to which the condition

ot local themoeh,fnamic equilibrium holds true is unknown, and the concentration of

E absorbing media is ingufficiently known. Radiation can no longer be considered as an

1ndividual L1:1':.erm&'l. _Process 1mlependen.t of the general physical phenomena. In the

troposphere the 1ndividua1 constitnents of the alr do not change their molecular * -
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'ox,vgen 02 and. ozona 03 are -

o2 -

. ..'.. \; subJGCt tO 'tronger va,ria,tiong. mring a‘bsorption Of :ola.r nltraviolet rl.diation.

.05 is formed i'rom 02. and ozone lgain 1. d.iuociated. under the 1nﬂuem:o of longor .

'vaves 1n the ultraviolet part of the spectrum. Therefore, radiation procuul in

the stratosphere can not be isola.ted from physical-chemical procouu. 2 e o
The first investigators who ever attempted to resolva the question, what tharmal N

effect in the lower stratosphere wnl cause a‘bsorption of radiation ‘by various mb- :

lta.nces, were Dobson, Brewer a.nd C\vilong [ 52 7 They mm to the eoncl
that water vapor and carbon dioxide cool the atratosphere, while ozons warns 11’:. !hin .
is caused by the differences in the effectiva radiational tmperatures for 820, COa, o
and 03 in the lower stratosphere: 200, 200 and 260° recpec.in]y (vhich, with equal-"
volune of all three gases, results in a Probable mean temperature of 220° in the
stratosphere), If an equilibrium is maintained, the warming by ozone should coun‘_tor-,.: .
balance the cooling ceused by the other geses, and therefore the stratosphere should
react to change in ozone concentration, in the sense that an increase in ozone
concentration should result in a rise in temperature, This simple argument was ugsed
by the a.'bova-named authors as the basis for their explanaticn of the prrincipsl features
of the thermal regime of the stratcsphere, The ozone concentration is greater over
the Arctic regions than over the tropics, and therefore the temperature of the strato-
sphere is higher‘in the polar areas, Inasmuch as ozone concentration increages \dth
altitude, positive temperature lapse rates form in the stratosphere, In the course
of the seasons of the year the maximum ozone concentration over moderate latitudes
occurs during the spring months, which ex_?lains the striking phase changes in the
seasonnl vari;a.tions of stratospheric temperature: the highest temperatures appear.
in the months preceding the summer solstice, T . R
The work by Dobson et al BE/ in its Yime aroused considera’olé interest, because
the M"ozone hypothesis" displayed great simplicity and thus showed itself to be a
terpting approach to the explanation of the temperature peculiarities of the strato-

sphere, However, the principal agsumptions from which Dobson proceeded in his

~
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e ruoarch wore inaccnrate.

Su‘nasqment ‘iavegtigations "evealed ‘&' warstiz rather’ t‘m.n "e00Ting - SEecy 6t- Cda
in the.lower stratoaphere over the moderate latitudes. as noted ’before (by Linke, :
Goody, and Holler). Goody [58/came to the conclusion that the radiational equilibrium
in the stratosphere always depends on the ccntrast bet}eén two absorbers, and that
ths absorbing nodia in the tropics and at moderats latitudes are different. He found

that at middle and high latitudes such an equilibrium e-cista principally between ’cha

worming effect of COp and 'the cooling effect of Eeo. In the tropical stratosphere

!

the influence oi; ‘water vapor i; small owing to its .extremely low concentration; as
for COp, it exertn there, at higher altitudes, a cooling effect. Therefore, an
equilibrium betﬁen the effects of COp and 03 exists ‘in the tropics. The wvarning

effect of 03 is identical for all latitudes and is relatively small over middle
I

le.titudes where its amount is in a ratio of 0.05 to 0 1 to the contributions of

I o I T

T ogratiiEse T vﬂma:\'-‘ '»—-'-‘*-
. JET

I3

HgO and COz in the ra.diata.on balance (see Table 1).

Ta’ble 1l

Rad.ia.tive Influxes at 'che iropop..nse Level

”
o

o

=
R
~

-05.107%
0

oL

Lee
" e et et st i b et o gm0

l ;

‘oo

Goodg' asmmod the following thermal mod.el of the atmosphe*e. the convective ) ’

:1ayor extemis so high up that the temperature la.pse rates in the radiative layer are -
S “lcn than tho adiabatic lapse rates. ) The condition of equili‘brium ‘between both

- -7; Iayers is the abaenca of a discontinuity in temperature at their common 'bounda.ry

‘but the tenp_eratnre lapse rate has a discontimuity (6 degrees per kilometer in the

-2

N
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In investigating the correlpondence ’betveen this nodel and tho actunl cond.itionl.
Goody attempted. to survoy how the varintions of dii‘ferent factore will influence the *"
=5 -

thermal equilibrium of the tropopa.use in which it is neither cooled nor vamea. By
calculating the a'bsorption in the individ\ml ‘bands of the three a‘bosr‘bing substancu, ’

' he investigated the relationship ‘between the radiation 'be.lance and the pressure a.nd
tempera’cure in the trouommeo, ;uuming that Ee abggr'otion ‘ba__r‘g dg not o'fﬂ ap, 5 R

" The cons1deratien of deviations i’rom Beer‘s law in every Jth ‘band ie based on T’?

the.use of Callander‘e tran:parency function insteau. of the exponential function.; o
:I‘ollowing Dobson, the calculations have been conﬁned. to 03, coe, and 320 alone. .
True enough nitric oxide may exert the same effect as ozone, but quantitatively it
is sma.ller. The sbsence of datz on nitric oxide distritution necessitates the over-

looking of ite possible effect, The only more or less definite circunste.nce with a

comparison of the effective radia.tional temperatures of nitric oxido (+5°) ,and ozone
(==110°) is that nitric oxide is found principally in ‘the troposphere [ﬁy
Two functions are examined with rega,rd. to every 1th band:
. -

L r,—; [ [Af)—E(tnsa(t)a.(t v L (_32),_;

for. the tropd's'piiere (t); and.

!-.— .. __:.‘
]

e
S/= / [B,(5) — £,()]  (5) & () t& e
0y e 13

=

for the etrntonpheve (l).

Here T j is ? funetion of conditiens in the tropospkere only, end it _gives the
quantity of radiation energy being exchanged between the lower surface of the infinitely
thin layer directly beneath the tropopsuse end the troposphere; while '5:j correspondingly
is the function of conditions in the stratosphere only and zives the energy which is
exchanged between the upper surface of the layer irmediately above the tropopause
and the stratosphere,

If E,{t) = ) (s) when' s =.t, then’ the equation

-25-
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(TI+S/)—\1=__(A B)— (31‘)

g

———t - —

will, snalogously to eg. (15), yield the radiational equilibrium condition (in
rolntio;x to long-wave radiation only) in the lower ;tratosphere with contimity of
temperature through the tropopauss. The ca.lcu?.a.tion of the SJ function is based on
cnplc;ying the discontinuity of temperature lapse rates wh;six t = 3. Tj is essentially
pcs.itive. because the .troposphero as a vhole has a higher temperature tanan the
tropopmla; Sj is always negative and depends, proceeding as before from the as-
lunption of the existence of an isothermal stete in the stratosphere, on the ratio

’ of Los-density 1n the tropopzmse to its total volume per square centimeter in the
stra.to:phere. Therefors, it nmay be expected that the § J-conditioned major cooling
sffects must be assoc!rated. with gases the density of which rapidly decreases with

. altitude in the stra.toepﬁere. ‘ - :

Good.y o.sluned tha.t coa is thoroughly 1ntermixed 1n the atmosphere at all altitudes, -

!hi- makes it posliblc to express its density, and. connquently, alzo the thermal ef;ectn_
1t involves, by the temperature ard pressura of the atmosphere, The density of water
upor in the atmcnphnre is related %o tha alr temperature a.ssuning tha.t relative
lmnid.ity 13 constant. Ozone concentration in the stratosphere may be expressed as

' u 3 ﬁmction of latitude and seanon.

ComequentlyT_}J;I is a2 conplex function of latitude, season, and atmospheric

tenperature and pres‘;urea In calculating this function, the numerical values of
the parameters in (32) and (33) were chosen according to the actual data., On the
basis of his calculations, the author considers (34) as correct for the stratosphere.

As for the radiational influxss relating {o individual absorbers,

and the greater the cooling caused by water vapor ig, the highker the tompera.ture 13-

—01

e N

; :'co >0 3 and increases Wwith increase in temperature and pressure (vith a preuure
Rt .

* ~Lr .
“or >0, 1 atmospherea. 2o, <0), ; while U @ >0‘ hal an ldentical vnlue st all

PR T

-~

s o]

htitudel. éf/\T

* - ‘2
'
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b‘ﬂscrveﬁ. tbmparat\u‘e m pt’e*r:ure muas Mﬁ ﬂﬁé ﬁi‘opoba\ma lbval f'dl‘ la’al‘udes 0,
1&0 and 80° . The upper 'brokon-line curve in Fig. 3 indicatea ‘the magnitude “of tho

energy influx per cu'bic contineter nacessery to wa.rm up the s»ratosphere at variouc

latitudes by 0,1°-(C) per day._ cl
v |erg/cm3/sec

g -

I

-
-

-
e

lo"’%- ‘ .

. \ N "'.
ap g1 92\ - - \oe@m
’fempera.tur Pressure o e
1320 la zaa 2(0 220‘1_abs :

B LI,

Fige 3« BRadiation Balances of Ho0, CO02. end 03 in the Tropopsuse
The thus obtained relationships make it possible to explain emsily the latitudinal

-~

course of temperature in tﬁe 's.tratosphere.

Let in Fig. 4 the T3 (0), t3, T3 (S) curve be the equilibrium temperature dis‘tri'bu.-
tion asscociated with the temperature at the earth's sur_i’ace Tl(o), Ard let us examine
the distribution resulting at a higher surface temperature Ta(o). Let us assume
that this new :I:ropo;pause has reached the t', altitude and that the temperature distii-
bution is indicated by the T5(0), ', Ta(S) curve. Now let us compare the radiation
balances at altitudes _1_:1 and t‘ 2 . Here the temperature is the same for both, Tl(ﬂ).
and the cooling due to water vapor also must be the same, but the prossure at t‘z

will be lower than at t;, and the waming-up effect of 002 will De 1ower at 1 2

asmich as the rad tional heat influx is 'balancen at ¢ the atmosphere will be.
L 1 P 'STAT |
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cooled-at t'p: Therefors, To(s) £ Ti(s) must corrsspond to the new squilibrium
R EEE > PR R RS A R I ) “ . A e 21 00 . ) 0 0 . . DR [ ’ ) 'r¢i||.|.‘ . . ‘lﬂ‘g
temperaturs distribution with Ta(0) > T1(0). - . :

v
' !‘

.

.

) i‘ig. L, Rnla.tion'ship Between Stratospharic a.nd Tropospheric Temperatures
. In this way, Good.y oxp].ains the tenpera.ture distri‘bution in the stratosphere mt

by the innuence of ozone but rather by the comomation of the cooling effect of
\mter vapor with’ the wa.rming effect of car‘bon dioxide.

La to tho seaaonnl variatxons of tenpera.ture in the stratosphere owing to the
influence of ozone, Goody!'e mumerical calculations were corroborated by the values
proposed in Dobson's work [52/, emounting, as they do, to =20,

Calculations of vertical temperature lapse rates in the stratosphere have shown

that the isothermal distributlon of tempsrature in the stratosphers requirss the

participation of mors thnn‘ one abgorbing gas in the radiative equilibrium. Let us

quote the computod "7‘;““ 'va.lues corresponding to temperature of the stra.tosphere

‘2(s) ia the moderate anfl high latitud.es, ; - . V_

a0 a9 et T

% ;é;i -3.1

thhough the r.sults thus o‘btained are extremely int~resting and contain much

that is new. it 13 impossl‘ble not to mention the limita.tions of the quantitative

. w o

baail of tno abovs-executad calcula.tions.

It sufﬁces to indicate tha.t the transpa::ancy
function datcma.neé. ampiz*cally ’oy Callender @ forﬂ the 15— p.band. of 002 extended

, ORI

1ntegrato the ) j exprassion :tor Hgo a.rd coa)

'J.'heroupon. 1t was assumed. that
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‘

l‘ig. 1& Bnla.tionship Between Stratospheric and Tropospheric Temperatures
In this way, Goody explains the temperature distribution in the stratosphere no%

by the influence of ozone but rather by the comvination of the cooling effect of

water vapor with 'the warning effect of carbon dioxide.

As to the s.easonal.. variations of temperature in the stratosphers ow:eing to the
influence of ozone, Goody's mumerical calculations were corroborated by the values
proposed in Dobson's work [5—37 » amounting, as they do, te'.‘:zo.

Calculations of vertical temperature lapse rates in the gbratospheres have shown
that the isothermal distribution of tempsrature in the stratosphere requires the
particips.tion of mora tha.n one abgorbing gas in the rad.iative equilibriun, Let us
dT(s)

quct° the conputedi values corresponding to temperature of the stra.tosphere

-,.,-.,.r

’r(s) in the moderate and high latitudes. '

L

aoo 216' |

\_}tha.t 1; new. 11; is impossi'ble not to men’cion the limi.ta.tions of the quantitative

'buh of the abovu-execnted calculations. It euffices to indica.te that the transparency

~ﬁ:‘ - . . s
(‘ .,T

1ntegrate ti:e !J expreslion for Hgo a.nd coa). '!hereupon,
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‘\ a; absorption coefficients for Hgo and 03 aro proportlonal to .l/ p. axxd fgr ,' R

1 - el | i Y. W

CO’a to p. There exlst few arguments pro or con of/such an assumption {the alight

/
cooling in the tropics entailed ‘by this assumption, owidg to the influence of Cop,

vanishes if it is assumed ‘bhat’ ¢/ is fluctuating like VP)

AS a consequence of the above assumptions and of the insufficient accuracy of
the quantitative values of the Derameters, there is some doubt as to the conclusions
obtained, iIn effect, if the data in Fig. 3 amre used for calculating the infiux of
long-wave radiation € for every latitudé, the tmme obtained values are insufficiently
low compared with the irdividual components of ¢ (Table 1), But a radiational
equilibrium conditlon requires the zero equality of the total radiative heat influx,

I% is difficult to determine on the basis of [BZ] whether this is ihe result
of the inaccuracy of the celculations or whether thie is a reflsction of +he true
state of affairs, i, €., the non-correspondence between the stete of the stratosphere
and the radiative equilibrium condition, The values obtained for the temperature
lapse rates in the stratosphere are not so swall as to Justify the assumption, made
by the author, that the stratosphere might be consldered isothermal, Let us note
that the aveileble data on the temperature in the lower stratosphere (up to 16
kilometers) at various latitudes does not corroborate the generally accepted ag-
sumptions about its isothermal condition, The isothern charts for the altitudinal
levels of 10, 13, 16, end 19 kilometers [__ ﬁ give after averaging for the warmer
(April-September) and colder (October-March) 6-monih periods the temperature distri-
bution in the lower stratosphere cited in i'a.‘ble 2, . .

'Lastly, as noted by Moller ['_]E/ » the selection of the tropopause for such
calculations is not quite fortunate owing to tl@e peo;uliarities of radiation processes
at the point of discontinuity in the tem;erature lapse-rate,

Plass ‘and Strong [’ _7 have also attempted to evaluate the participa.tion oi’ the
principa.l a‘osor‘bing media in the radiation balance, . ;0of the stratosphere. I‘or this

~ purpose, ° “they isolated: the following bands - for the single most senlitivewportion of

- STAT
the spectrun of each of the following gases: 15‘ p., ‘oand. for CO2 ; the infrared

- ' 00180006 8
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portion of l>2o B, for H20, and 9: 6°u for 03.
i
to be isothermal, sinco it is rele.tively easy to

l conditlons.

Table 2
Temperature Distribution in the Lower Stratosphers

A

k4

it e e w e | 0| @]

. Warmer 6-months (Apr.-Sept.),

-239 | 237 235 230 226 224
215 2156 215 215 219 223
197 200 204 210 218 224

202 207 212 218 225

Colder 6-months (Oct.-b: _.J

239 235 229 223 .- 220 219 l

215 214 213 214 216 219
198 199 204 204 215 220
T 198 200 204 209 215 219

-

In.assuming the temperature of the carth's surface equal to 3000, they found

that the heat coming into the stratosphere from the earth's surface amounts to

40 mierocalories/equare centimeter/second in’ thc 15 B hand of COp; in this connection
it is assumed that the entire atuosphere is isotne"'mal at 2200, Moreover, the heat
coning into the stratoaphere in this band comes also from the lower, warmer leyers

of the troposphera. The corresponding total flux is estimated at 60 microcalories/
square centimeter/second, The heat losses to outer spece from the stratosphers in the
1541 band of COp and 03 amount to 310 nicrocalories/square centimeter/aecond. Thus,
the princ*ya.l effect of the CO2 band in the radiation balance of the stratosphere

" is emission into outer space, These calculations were also 'ba.sed on using the data

7 on 'cranspa.rency of the atmosphere o'ota.ined with aircra.ft flights at an altitude of
11 kllometers. L R B i

Owing to t‘xe absence of experimente.l aata, tha a’oove-na.med authors could prov1de

‘»-:-.only & very rough estimate of the radiation losses in the Hgo 'ba.nda.

‘ Frge It it be assumed that a.:.l the bla.ck-bod:{ radiation rea.ching the earth' 8 surf.aco
- :lin thiy \region originates fron a- 5o.p ‘HpO band, 1t will be found that -

we.tor vapor
P :"'"‘radiatn

780 microcalories/sqmmre centimeter/ necond

- . o - P .
';’“ s "L‘"" ',...}*3'{; .ix,, )‘-\- f"' ~aeon

Moreover, if the Hao spectrum

Sar ' ' : - 80006-8 3
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" hfa.'bsbi{ztei;—r black 6niy: “above 20*;, A:then the wzter vupor in the s%ratoéphere may
sbsorh relatively 1ittls radiation from
This heat is approximately estimated at 100 microcalorien/square centimeter/second, '

The eveluation of ozome's perticipation is made even more roughly, éiﬁ?e the

[

- e e e lca——

variability of ozone’ concentration with altitude presents a more or less satisfactoryl
accuracy of the calcula.tions. From the transparency curve it may 'be concluded that

the ;.6-‘ p band of O3 represents a continuous absorption region with a width of
approximately Of‘j p, end with an absorption coefficient of 0.5. Consequently, its
radiation amounts to one-half of black-body radistion at a temperature of 2200°,

Hence it follows that ozone loses 30 nicrocalories/square centimeter/second downward
toward the earth's surface. In assuming a tempersture of 300° for the earth's surfac_e;
it can be found that O3 2bsorbs 150 microcalories/square centimeter/second from the
rediation emanating from the eerth's surface, - |

If 1t is assumed that ozone (03) absorbs 1/12 of the solar radiation incident

to the outer beundary of the atmosphere, i, e., 800 microcalories/square centimetsr/

second, this would mean 800 microcalories/square centimster/second.
This, accord;.ng to Plass and Strong, the radiation balance of the stratosphere
is thus represented:
Heat Losses S
From the 15-pbands of COp and O3 : . 310 cal/cmP-sec
From the 9.6-pband of O3, -~ ..o .o 60 . -
From tiie"so—/-b band of Hp0~ : - - 7o . g . 78 L

1,150 cal/cne-geo
* Fest caia I
I;rom solar rediation aﬁsérbéd'b}'os T - © 800 cal/cm2-sec
From the redistion of the earth's surface,

' ‘dbsorbed i the'g. G-ﬂ,ba.nd of 05

!'rom the radiation of the earthig su:fa.ce ‘add -

-+ the tropos;phere, absorbed in the 15-/L‘ba.nd of COp:

. -31;

5y
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Ditto, for the 50-pcband of Hpl 100 vai/crl-sic

1,250 cal/cmPesec

The model of the atmosphere adopted by Strong and Plass has subsequently been
made more accurate by King [B5/, Kaplan [55], and Warner [E3/.

King examined the radiation transport of heat in a non-iaothem‘z{l atmosphere
and came to the followlng interpretatica of the structure of the standard atmosphere;
The atmosphere may be divided into threse layers differirg fron each other by the
nature of the processes dstermiring its thermal regime:

(1) The stratosphers is heated by the ozone which absorbs solar radiation; this

heating or warming effect is compensated at every level by the infrared cooling in

the 15-1 COp band .which, like the warming effect from 03,Ms & maximim valus at

‘the top of the stratosphesre and decreases to zero in the proximity of the tropopause.
(2) The upper troposphere (betwesn the tropopause and the altitude level of

approximately 6 kilometers) is the only reglon of the atmosphere found in infrared

radlational equilibrium; the effect of the 15-4 CO2 and 5—8‘-;4/H20 bands cons_icts in

the heating of this region, which is compehsated by the cocling induced by the

«

rotary ‘H30 band, . - MR
*+(3) The lower troposphera - is controlled by convective processes; here the
radiationel transport creatas superailabatic temperature lapse rates, which cause .
convective-condensational procnses, this results in the establishm;;t of lap;c rates |
S . \dth values approxima.ting the vet-adiabatic ones;-. 11: is only in tho ‘lowest aurfaco- L !
‘ frictional layer, whare convection and turbulence are. hampered tha.t thc temperature :
L lapse ra.tu appxoximato their radiative-equilibrium values. <

'35'~ Iaplan 1nvestigated the 1nfluence of preasure on radiational tra.nsfer on

s uming that according to- I.orentz, the halr-width o‘ apectral lines va.riu in

_f:‘_(according to Iond.re.t'
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5 percent ['207). Farthermore, Kaplan assumes that the tropopause area is not in a

radiational equilibrium and. cenetitutos. Telher an oatiet for' radlationad heat,

Warner turned his attention to the asymmetry of the form of spectral lines -

the line center is usually displaced in a direction towards the low-frequencies by a l

va.'l.ue Proportional to pressure, The correction for this factor in outgoing radiation

‘...

is at most only several percent.
The calculations baged on the Plase-Strong model provide a different represention
of the radiation balance of the stratosphere compared with Goody's camlculations: .

~ owing to CO, and B0 the stratosphers is -cooled and! warmed chiefly by Oz (which i

e oy e e ——? Ao S s

_corresponds with Dobso;a's‘_hn?othesis').? I c T G

This diversity of results reemphasizes that all the guantitative evaluation: of

the thernal regime of the atmosphere are as yet teni;g’cive and suffer from the lack

of accurate experimental datae end complete (detailed) tLeoretical elaborations,
Decpite the obvious adequacy of the hypothesic of the radiatioral efmili’oriun
in the stratosphere from the theoretical point of view, this problem, like all the
Problems of geophysics, requires direct observations for & reliable determination of
the relationship between the redistional and turbulent heat influxes above the
tropopeuse, Here, direct Deasurements of thermal effects are very difﬁcult but
there are certain possibilities for inferring indirect conclusions about theae effects
by means of measurements of other values, -
The existence of high wind gradients in the Proximity of the tropopanse has’
long been known(Dobeon, in 1920) [53]. Inigyy [80] it was shown that the tropopause

zay be a level of very strong localized westerly winds. This appeare tc be incon-

celveble if it is assumed that turbulexce and adivection Play a emall role in the

therzal state of the lower stratosghere,

Prior to the var, in Germany, Koschmieder [E8/ and Jung [B3] conducted cbser-
vations of the turbulent velocities in the proxipity of the {ropopamuse. The results
of two series of ‘measurexents mads by the forner investigator during balloon_.-pilot'

‘ascents show extrenely strong variations in-the rate of ascent in tne ‘lower“:tr;tosphglp,‘—r l

} 04000180006- 8
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even if the ascent through the tropopause was fairly stable. Ag for the latter

v

inxestigator, oz 4ke basis of fiv

with miniaturse accelerometers, he also came to the conclusion that turbulence reaches
its maximum intensity somewhere in the lower stratosphere, It is difficult to recon-
cile these results with the generally accepted hypotheses, and, therefore, further
research is necessary,

Beside these measurementg of & prelininary nature there exists direct and
repeatedly verified evidence of the existence of intermixing in the lower stratosyphere.
Measuroments of the concentration of oxygen (E. Regener, 19)6) m and of helium

" (Gluckauf end Paneth, 1946) [5]] indicate that edove the tropopause these two gases

are not dissociated by the force of gravity;furthermors their relative concentration
does not change, as one must anticipate in the case of a lack of tur'bulan'ce. - Chaket,
Paneth and Wilson (%3] measured the ratios of heliun, neon aud argon to nitrogen up
to an altituds of 70 kilometsrs, ani found no variations in the relative concertration
of these gases, .o ‘

onnc' is the other component of atuospheric air the altitude distribution of
whick may provide valuable information about turtulent transport in the stratosphera,
This gas formc almost completsly above the 20-kilometer altitude, and, consequently,

it can be tranlported downward only threugh turbulent diffusion. Therefore, it ray

be assumed that the measurenants of the concentration of ozone in the Proxinmity of

- the tropapauge kay provide soms information about the aforesaid transport. corre-
spording observations were mads by V. Regerner ﬁg 3 1% was found that in the

- p?oxingity of the tropopause the ozone concentration increases very rapidly with altitude,

. Hence it is avident that the physical processes occurring in the stratosphere
cannot be explained entirely from ike standpoint of the hypothesis o- radlational
equilibrium, The corditions at which such equilibrium is oreserved are not competible

* with the turbulent and orderly intermixings of large air masses occurring above the

’ trcpc;@s‘l. In the calculations of Goody and Xsplan it is possibdle +o fird indications
that the radiational heat influxes in the stratoesh Bere do not compensate each otker, STAT

-
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King expresses doubts as o the rossibility of the existence of an isothermel temperature -

distributicn irn the strabosphere ‘with n radiative equilidbrinm, The' function of o

atmospheric radiation that he obtained from this cordition, proved to be a decreasing
function of altitude, )

Adr attempt at clarifying the essential features of the siratosphere!s structure
- an isothermal state and vertical intérmixing insur ing a uniform chemical composition

of the air with altitude - tas been made in [3'97 and 5_7 In theu vorkl, tbo i

o A &

hypothnil of r..z’..la.tive equilibrium is replaced ’oy the a:smxmption thet non-adiabatic
vertica.l intermixings o‘ tbe alr take place in the stratosphere. The heat inﬂux

is insured by the a‘bsorption of soler radia.tion ‘by the dust contamad in the strlto- -
s;phera. With such an assumption the vertical sua‘bnity of the stratosprere, inducod -
by the isothermal distribution of temperature which prevents an adia'batic intcrmixing

of the air within i, on the one hand, and the vertical interrixing, on the other hand,

are not 1ncompati’olg pllrenomeng.. For this, it is necessary that ihe asct;nding air
receivg from the dust a quantity cf heat that would ’oe at 1east sufficient for the
compensation of its cooling as ihe *uult of e:rpansion. 4s for the radie.tivc equi-
1idrium hypothasis, even if it could produce an igothermal stratosphere, it is not
capeble of resolying the problem of an Fintermixed" airosphere,

With regard to dust, it is logicel to assume that it must be Predoninantly of
cosmic origin, Volcanic Gust enters the stratosphere coxzparatively rarely, vghile
cosmic dust is admitied alrost contimously; its particles ere mch sxeller and thusg
mey remain in the air for a very long time,

In order to shew the Possibility of verticsl displacezents of the air in the
stratosphere owing to the thermal eff ect of dust, it is necessary to estimate the
dust concentrations‘that are, on the one hand, necessary for such displacements,
and, on the other, possible undar corditions of the stratosphers,

) ]i.et_ug assume that the quantity of the radlatior incident cato a cust perticle

is deterained 'by the geonesric shlelding law, If I, is the quantity of radistion

incident per square centiister of surface ..rea per unit of tize, then a gquentity STAT]

-35-
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2103 (of radiation) ig incident tor every N of thc dust pa.rticlas with o

radius.r , contaired in & cubic centinmeter of air, out of which g quantity, aﬂ'rBIOH
19 edsorved, mnd tHe rémalvder is scattered, =

Generally speaking, for particles with dizensions smaller than the wave length
of the incident radlation, the quantity of the incidert energy is proportional to
rn where n£2, because it is determined by diffraction phenomena and not by geometrical
shielding, But, inasmuch as the numericel values of n have not baen accurately
estadblished for small rarticles of warioug dimensions, we shall &ssume that n 2.2,

The coefficient of radiation absorption by dust ig gmaller thaz unity, Since o
is l. co-rultiplier tozether with ro in the corcentration of X 'bein,_., evaluated in
all the expressions incorporating that concentration, as v:lll ‘be evident later on, for
simplicity and calculational convenlence we shall agsume that AqA=1], '.l'hen. any
obtained quantitative values of N that are lowver than that should be mltiplied by
& value 1nveraa to the product of o« rR=2 in order to improve their accuracy at a
corrnponding selection of o and n,

or thc verious schemes of hypothetical motions roviewed -in Eﬂ ve shall ‘\

cite now the first and most 8lementary one, t&ing place with the following assunptions

vhich simplify the problem;

(1) The tempera.‘ure in the stratosphere Ts 1s uniform on all altitudes,

(2) Horizontal motions are not te_\:en into account, since this is a'question
of 1nvast15ating the Possibility itgelf of the vertlical ascent of warmed air parcels
and not one of an investigation of 4re vertical velocity value which is distorted
by this asaumption.

B (3) "‘he Process is stationary,

(1&) ﬂ'ith Tegard to heat transfer f=on dust to the atmosphere, the follow'

most goneraliszed assumptiion is mede:; g therma.l equilibrium is established in which

'the inflnx of heat from the sun to the dust 13 equal to it 1 ef'lux from the dust to

tho atmolpherc. AR
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ti{o ti;me. i
- l'I.ét. at' altitud.e zclone'cub.'llc. centimeter of apcerdizg air coriain Wz} dust"

pa.r‘bicles, and let P denote its density.

Now let ue write the eq_uation of heat 1r:’:o: for a unit of +he ascemhng air

mass

.

r- T gr—— e - e e KLY Bt s i [N
i TN \ AN '
. .7 - -

where Q. is theatantity of solar hez.t ’oeing a‘bsorbed per o.ust particle, T and p are the

S e e

empera.ture and pressure of the alr, respectivelv, A is the thermal equivalent of

v.ork and cp is the speciﬁc heat of air at constant pressure.

Proceeding from the abovae assumptions, the eq_ua’cion of contimuiity has the fdfm

e
!
!

pW = const— K ;
*f

\' -
in which, g-ro0 (since the process of ascent of air does not extend to the bounderies

of the atmosphere). Then,by means of the equations of state and statics, we obtain

s - I~
ke e 1 -

QN oT Tio
K=o TAET foer ik

A
The condition for the possibility of vertical moiion in the stratosphere is”

— ’ i ’

Tra | . . L
¥ |

Consequently, in order that the temperature of the ascendi ng air should not vary

end remaln approximately the same as thet of the ambient stratosphere, the number of

dust particles per unit{ of air volume should satisfy the condition
.

\ s — T e -l
N=28%, "

By means of this rslation it is possidble to carry out quantitative evaluations
of the dust content of the stratosphere necessary for bringlng about isothermal
displacement of air in the stratcaphere.

If it is assumed that Q= —r’i‘, (]0— represents the solar constant), then we

STAT
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e

obtain for the 20-kilometer level (p=9,2v10-5 agramsfcubic contimeter), wic &

trejection velocity of ®.= 1 cent;meter/aecond N = 2 for r = 10~* centimeters any

¥ = 241" for r a 10—5 cmtim-tnrs, \
.

R \
The ratio between Q and w is determined with greater accuracy with their higher -

\\

values,

Lst us now examins a second schems, in which the pressure inside an ascending
alr mass is lower than in the ambient atmosphere (vhich is rossible with vertical
volocities greater than those examined immediately above),

The simplifying assumptions heze are the same as those for the first scheme, bui

an equation of vertical motion of eir is included into the sst of equations under
considerstion,

Having derived this set of equations and d.is?arding fhe'samll terms, we obtain

[ 2 .
* OT L omet
Rz +& ‘l

- -—R——r dz .
.°=Poe v ’ ‘
- LI_ o /wa by
p= pe‘"‘ BT AR [ -
2 r Vd: fRu:+" dz
T= Toe‘R T. AI\'R

U d‘-}-z
. —T_d:
- . W == W,e
e W T .

whe_z_-e R is thé &as constant,

Obviocusly the order of,’\Z;,.,'\hare 3hould be not below 10 centimeters a second,

Let us determine the 151‘.%173.1 concentration Ny of dust necessary for, e. g.,
increasing the air temperature by 1 degree with an upward displacement of 1 kilometer,
_and_sleo tha pressure ¢ifferentlal Ap = p; — P resulting with +--3 ’fﬁ?iﬁ?laeﬁent.

At ﬁrst we shall make calcula.tions for the 30-kilom:

Po = 10 mﬂlfb&l‘&‘:. p = 1 5. 10'5 grams/cubic centim /ers, and the 231 & 230eY rslation

. yields ya—:o :

ir it. is asmmed that the T temperature 'Jd thg o5 gradient ma.y be substituted
L

by their mean values for a layer of thickne:s (_A.. i then

_-—4—‘1 o b

T)+g
\ Y= AR r ’(RT 7 4z

e ——————

e
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t

A‘b k= 10"6 and T = 10-6 centimeters ve obtain IIO = 5-101" for I = 10",'}
( w, > 10 centimeters/ ucond)

We find

Inasmch as

P} = 10+ 27015 = €,3 mnnbars. In the stratosphera at the 3l-kilometer altitude,

Pec = 9.5 millidars, Therefore, the pressure drop towards the center of the dus t—
pollution area i, Ap 3.2 nillibers. If the redlus of that area is r = 107
centimetere, then the horizontal pressure gredient is 32 10-5 dynes/cubic centimeter.

Let us make the same calewlations with regerd to the Th-kilometer altitude:

o . )
To = 275°%, po = 6,1+ 10-2 millibars, (= 0.8 - 10-7 grams/cublic centimeter, y = O,
and L = 35. i
When k = 10"6 and r = 10'6 centimeters, No = 5 ¢ 102 for X = 10-6 ‘(’w;-'t'—, 10

centmetera/ secona.), x = = 0,127, py = 5,3+10-2 millidars, p, = 6+10-2 millibars,
sy e
/Ap= 0,007 millibars, and._g = 7+10~7 dynes/cubic centimeter,

A study of a seriss of photographic surveys of noctllucent clouds observed on

STAT
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29 June 1936 mede it tossibls to discover a cyciomic rotary motion of the air at the
- square kilomesers (rotation: *
v-laeivy. 29 to 3’4 meters a second). The motion of luminous meteoric tracks also

indicates the existence of 1lpcal alr current systems, which systems usually disintegrate

towards the night's end. V.V, Fedynskiy has suggested that these air currents are a
consequence of the effect of solar radiation,

In order to explain whether similar cyclonic systems may develop even if only
approximately as & consequence of atmospheric motion exanined according to the secomd
scheme, it is necessary to compare the above-calculated horizontal pressure gradients
with the gradients corresponding to the observed rotation velocity.,

The rad.ius; r' of the cyclone in the above example is 107 centineters, and its
velocity € is of the order of 3.103 centimeters a second. The pressure gradient for

this cyclone can bs ssticated from the following relation

1 2 -
] | Sl =o

where l —2wsm9 (u—- is angular velocity of the earth's rota.t:lon, 9, "is geographical

'

latitude of the locus of observation). Vhen \9-— 30°, 1="'10}% aeconds‘l
¥or the 3G-kilometer altitude, gr, = 10‘5 dynea/ cubic centimeter, and for the

75-kilometer altitude g,, ]10‘7 dynes/cubic ¢ .timeter.

Consequently, in the afore-emm1ned. examples the pressure gradients, for the
+30- gnd 75-kilometer altitudesare 30 and 5 times higher, respectively, than those
obtained fro;rx the corresponding observation data at these altitudes., Such gradients
develop with a displacement of air ’oy one kilometer; with further displacement, they
should become even greater.

Undoubtedly, the discrepancy between the computed and the actually measured
pressure gradients is due to the distorting influence of horizontal.motions. But, if
it is assumed that the conputed gradients will be sufficient anyway to cause the wind
velocities computed s;:cording to the second scheme to be of the order of the actually
observed wind velocities, then the second scheme zhould provide an expla.natic;n fér '

the cyclones which are obgerved in the stratosphere,
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neceuary to po-tula.tc tho poui‘bility or tha exiatonce of sufficiently 1arga dns»

[ ORI -

e.roan in. th- stratosphera. Then it may ‘be auumed that the noctllucent clouds, which

W s ale

" are found at the uppermost 'Dortion of tha aresa \mder cyclonic rotation, disclou that

area by their motion. It should be Vnoted that, with such an explanation of the

causes of local currents in the stratosphere, one absolutely natural result is their

dima.l Poriodicity noted during ohaervationl.

Let us return to the Ouestion of the 1nitia1 vertical velocities of the motion of

air containing dust. Let us determine whether it is possible to establith a relation-

ship between the level in the atmosphere at which this motion 'begins and the magnitude

of oz",, i. e., whether anything may be stated about the altitudinal distri'bution in
the stratosphere of the motions given ‘by_the__a{q;e-examined schemes,
For altitudes upward of 60 kilometers,‘;iu._ it of the order of 10° to 103 centimeters
a second, which can be substantiated as foi;tows: It is impossidble to assume that
there exists a dlecontinuity between the rate (velocity) of mixing of various portions
of a gas as the result of diffusion and the velocity of the initial laminar convective

motion of the same peortions of the gas, Therefore, at the 75- SO-kilometer altitude,

[_ W, should be of the order of several meters a second. Actually, the expansion rate

(velocity) of the gaseous meteoric tracks, where diffusion beconmes vigible per se
owing to the presence of agitated molecules, amounts 1o 2-10 meters a gecond. 3But
the diffusion rate (jrelocity) is proportional to the diffusion coefficient, and the
latter ig inversely proportional to air density. This is a direct consequence of

the expression for the coefficient of diffusion "per sgf according to Enskog:

g

3VR YT 1

D="mw Vimy * .

.

where i if molecular weight of gas, Ny is Avogadro's number, and the ":q;-fu.nction
depenas on the forces of interaction between molecules. Consequently, for any two

altitudes in the stratosphere where Tl and T, are of the same order,

.-

— ——— - - — -~

If at the 75-kilométer altitude
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geveral meters a gecond, while at the 30— t1ometer nltitude A 10“5 grams/cub
"eter. hen, for the laster altituud W, is of the arder of seve;'al centimetevs a
Usecomd. ) )

Consequently, motions in the first scheme may teke place in the lower part of
the stratosphere (20 to 60 kilometers) and seccrd-scheme motiors - in the upper s%:ra.to-
sphere (50 %0 €0 kilozeters) where, in addition to the required magnitude of w, there
is also a general cecrease of temperature with altitude, which cortri’outes to the
development .of convection,

The prolonged duration of dust trails (up to 5-6 hours) as compareé with luminous
night trails, could be also attributed to the low velocity of the verticel displacerents
of air in the lower stratosphere,

1% shou.].d be noted that the formilas in both schemes give only the averazed values
of T, » and p, which ghould be relaied to finite and sufficiently large intervals of
time and displacements. These formula.s govern macro-motions and they do not glve the
instentaneous values of the corresponding physical veluss governing micro-motions,

The latter are associated with thermal heterogeneity in moving air, which, of course,
should be assumed, since the dusi rollution of 2 certain mass of air may not be uniforn,
Let us examina:within a dust cloud the motions of air 'being hea.ted. by the dust.

In order to isolate these micro-motions from the motions of the cloud. itself, let us
resolve the stationary problem, The stratification of ths stratosphere, ag Previously,

will be assumed as isothermal; the veriations in velocities, temperature and Pressure

will be examined in the *z plane,
" We shall.assume ‘the upper and lower boundaries of the cloud to be flat. The
dust d.istributioz; in the cloud will be sucn’ that the dust concentration is ¥ =0 at
the lower (z = 0), upper (z = h) and lateral (x = L) boundaries of the cloud. Tais

may be most simply written in the following form:

Y s -

i N=N Z(A—2)(1—~ bx3)

TR TTT.

- e— o aed

where bx2 = lwithx= 1,
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 The mximm da.ot concentration \rill be in tho center ot the cloud

< - i - - ‘— - 2 2D B -
T - - [ 2o -
y ek D

' ' ‘_.~,_' ‘
] =D, 3
o T 4

In thi: case, tho qua.ntity of heat entering into a unit mass of air per unit of

time from a dust with ¥ concentration equaln

' ""”"‘z(h -z)(l -—bx’)

In order to determine the -velocity of motion, temperature and pressure of tho

ailr in the dust cloud, it is necessary to derive the following set o’ equations:

Eq_uationo of mtion :

(35)

(36)

)

(38)

.
-

(9)

- —— —r— o

Here u, v and w are velocit ty componento of a.ir,\l& is deviation of temperature

from values not affected by dust, P=T.—T , (whers 1 i§ the adiabatic lapse rate),

a.mi? is the coriolis parameter.

Let us set the distribdution of verticsl velocity, w. I4 is known that with
thermal heterogeneity in the horizontal direction in the atmosphere vertical motions
of air develop, while the air within dust clouds is found precisely under thermally
heterogeneous conditions. Obvicusly, there are no vertical motione of air at a ceftain
level under the cloud and at another level above that cloud. The motions cutside the

STAT}E
cloud we shall assume small in comparison with the motione within it, Therefore, we ‘
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shall relate w= 0 to z = O, and we shall n.ot examine z = h and the motions of t};e
-lirﬁdi:tiid! the cloud. Let us further assume that w is independent of x, i, e,,
our estimates of w will be valld for the parts of the cloud that are remote from its
T latéral Boundaries. o e
The altitudinal distributions of w and N are similar, Then,
mmaz(h—d)
vhe_’fc _a_;_ﬁs a constant iletermining the velocity value that must be determined.
In assuning the above-indicated boundary conditions for w it obviously should
be assumed that thermal heterogeneity is lacking at the lower and upper boundaries
of the cloud. .
Thus, ths problem is resolved with the following boundary conditions:
when z = 0 T .

Yhen s = h
S~ -

Let u; determine the corresponding values of ‘[z. u, v, 9, and p, for various

values of Npay . In addition, let us estimate the x = L at which the upper boundary

of the cloud may still be considered a; flat. Obviously, tho‘ distribution of velocities,
temperaturs and pressure in the cloud will be stationary so long as varietions in the
distribution of dust concentration therein.do not take place, i, e., 80 long as there
does not occur any cox;siderable def'ormation of.tha cloud, Let us e'stimate the time

.. :
' interval TA¢,: daring which the cloud may be considered undeformed and the distribution

of element.a‘ therein, stationary, In this way, we shall determine the conditions at

vhich the above-made assumptions remain valid,
Let us procsed to a resolution of the problem.

We shall determine u from eq. (38):

—

T‘ ! P = — de=—ax(h—-.2z)-§-.7(z—)._

~.‘ M ! -
o4 m=g()=0,

4
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A »:,:f?im .‘ézs..

’thernfo

u=-=—-ax(:‘z-—2z)‘_mi T

R |

Th:h&i}izoniﬁ ﬁl’oéity compo'ﬁent“u'will have o:pp[);ite directions at the .lower

and upper ’bounda.riu of the clond and it will attain its maximum values vhen T = o -
nnd.z':h' e '

-,_ i ;

Let us determino 0 from eo ‘e (39)

ST Z ! .
- 3.4.'

~— ..

_6_8 ':x(n 2) 00 | 1
o8 z(h—32) 0x+!-:‘

Tty
. .

u(l-m) !
Ty LN f

\sqg Y
7 R

The integrals of this equation’ are:

- f ) s C‘xz(k_z)'
.$+c,=(:§“r)’ R = )"“(‘“1)+j
. f 4
]

‘ + x'z (h 2) (ll 2:)

It follows from the 8-— O condition vhen z = 0 that Cp = 0,

Inasmuch as | §= 0 when z = h, therefore,

e T —

S —TI'm=0,
ac

whence

Obviously, with any other possibie 13%\ of the veriation of w with altitude, but
with the same boundary conditions and with %he condition of the similarity between
the variations of w and N with altitude, we obtain the same exprescion for: a. With
these conditions, wp,, and consequently also the orderof mgnitude of w have an

~ identical walue with a given dust-content of the cloud:

~H5-
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As one should expect, the vertical velocity of air in the cloud iz deternined
by the dust-content.of the cloud, the stratification of the atmosphere, and the density

of alr. The latier is in complete agresment with the previously obtained conclusion

about the altitudinal distributlon of the vertical motion velocities of dust-filled
air masses in the stratosphere.
From the ph&sical ;tmdpoint it is perfectly obvious that the form in which N(z)
was given, different from that of w, cannot, with the same boundary conditions and
. the same value of Np,,, affect greatly the magnitude of w.

Let us determine v from eq. (36):
' dv s(h-—12)dv _
" mia—Ema il

¢

The integrals of the equation are

+ C, == xz (h— 2z),
Cl-x+£‘ ’

. eywey ]
- H

i
)

In which connection, C3 = 0, since v = O when x = 0. Whence

D om—Ixmazh—2).

b s I

Let us determine the constant = aft:eg\ hoving differentiated with respect to

Wt

x eqs. (35) and (37) and discarded —o%:- from them:
S =

RO ,.ur;,.,_.,,'-‘--'-' FrY Pu_, owou L) :
-1 i‘.: ! : . ° ] + u Fxﬁd;+ l d‘ = O.

) -
T 0z ox 9z 0z
i /

O

" Whence

e S e S
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As one should expect, the vertical velocity of air in the cloud is determined
by the dust-content.of the cloud, the stratification of the atnosphere, and the density
of alr, The latter is in complete agreement with the previously obtained conclusion
a.bm‘zt the altitudinal distribution of the vertical motlon velocities of dust-filled

air magses in the stratosphere.

From the physical standpoint it is perfectly obvious that the form in which X(z)
was given, different from that of w, cannot, with the same boundary conditions and
the same valus of Ny.,, affect greatly the magnitude of w.

Let us determine v from eq. (36):

T semav
% xa—tmas 1=

e
t
M
i

L
The integrals of the equation are

' C‘-xz(h—Z),
C=x+7,

i

]

In which connsction, Cp = 0, since v = O when x = O, Whence

| Om—lxt-mxz(A—2).
v o e s . )

Let us determine the constant m aft_eg\ having differentiated with respect to

L7 S

x eqs. (35) and (37) and discurded p ~ from them:

4
!
1

LI

TN

" . ;-""‘""\';”f'_" Mdudu ¢7ffl dwgl_l__th=
T 7.3?5;'*“‘&-0‘:'*‘@70: ldz 0.

i
!
f

o

[y SO SE—— o e———

i

. 2a2
’, m—---T.
.-__,a-_,;...)‘ ———————TT e

Let us find pressure b from eqs. (35) and (37).

G

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/2 1 : CIA-RDP81-01043R004000180006-8



@ 50-Yr 2014/03/21 : CIA-RDP81-01043R004000180006-8

Declassified in Part - Sanitized Copy Approved for Release

:
:
fa o,
) .

:

RO,

:-* | R
| - rg (O o

et B

Here C is atmospheric pressure at the upper boundery of the cloud.

if it. is assumed the.'g p is independent of z within the limits of the cloud,

'a

.6 ’ . 2 -— 2.‘ T
f;‘;dz=—f>g(z—_h)—p"g—‘§—ﬂ-.- b

i
i
r
S
‘
!

—atz(h— z)] x3..

Now it is possible to estimate the horizontal-direction distance L at which the

upper boundary of the cloud may be coneidered flat, L should satisfy the condition

that .
eh...__-
p'h.L=_/ S—:dxl,_,-}-CzC
H

L
) . 4
I;/-idx;‘_. < C.

But we do not ignore values of the order of pgh in the calculation of pressurs.

Consequently,
M
2
- op
Lf iz dx |;-n‘<f’g"
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If the clovd ic found at the 30-kiloneter altitude, then Io = 1.5 10~5 gmms/
cubic centima'cer- vhen o = 103 ra= ].0“6 contimeters a.nd h = 5 10t centimeterl,
we obtain a = 1.6-10"11 and L <" 10s cent&meters.

The N-dependent member in comparision vith the [ -dependent member may be
ignored (with dust concentrations that are even 102 - 103 times higher than the
selected one), and the value of L is determined by the Coriolis parameter and the

altitude of the cloud:
2gh
L<y%.

Let us calculate the w and u for a dust cloud with certain given dimensions and
dust content, and let us also evaluate the time interval during which the cloud may
be considered und=formed, and the proc;:sse: therein, as stationary.

Let h=5-. 104 centimetors; L = 105 centimeters, and let the cloud be located
st an altitude of 30 kilometers, and let N, = 2,500 (N, = 10*),

Then:
c;=l 1.6+10-10; v . 0,310~ centimeters/second at z = 0.1h;

v = 0,9°10~L centimeters/secord at z = 0.5h; u = 0.7 centimeters/second

at £t =0; z=h; x=]

I3

. i . - L /
If Epax is displaced from the altitude of z=% to the altitude of z=%+ Az,

we shall assume that the distribution of dust in the vertical directions remains

unchanged if 'A =0. llz ((.\ ‘,for other z's will be smaller). This will take place

v"

dwing the time of Atl_= 16 | hours, o
If the d.ispla.cement of éhe lateral boundaries of the cloud in the horizontal
direction amounts to 0.1 L, then we assume that the distribution of dust in the
horizontal direction has likewise remained unchanged, This occurs during the time
‘f":_A,-t'g = 4 hours, Consequently, in the course of several hours during the daylight

half of the day, when the above-mentioned motions are possible, these motions may

be considered stationary when Npay - =" f03, and all the values calculated in the

given problem will spply to them.
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_can 'be shown that vi-cosity alters the distribdbution of tempera.ture with aln‘t

- Tdabe dwes not affsct the zegnitude of the wertical velocity of &ir.. Therafore, Yiiﬁqlif-y

can be disregardcd in an investigation of the vertical motion of air heated ‘by du-t.. ‘

It is to be expected that with time the dust clowd w:lll be deformed so that tho
l;orizontal dimensions of its lower half will decrease and the dust concentration in -
that half will inci-aase, whiie, conversely, the horizontal dimensions of itp upper
half wili i;xcreaae and dust concentration will decrease, Therofore, in the lower .
half of the clou:l velocities will increase with time, while in its upper half, thuy
will decrun.

In the courss of a 24~hour period the air in a-cloud at the 30-kilometer altitude
is displaced upward seversl tens of meters when ¥ 2~ 105, With an increase in altitude
and a d.ecrea;e in air density, the velocities, and consequently also diurnal displacement
of air. incresss.. ' :

With en iacrease in the dust content of the cloul there is an increass in the
vertical velocities in the cloud; therefore, the time durirg which the processes of
motion may be considered stationary decreases,

As can be concluded from & comparison of the calculations mede g.ccording to the
firet two schemes, the consideration of horizontal flows diminishes the magnitude of
vortical velocity by approximately 5 times,

Let us consider whether the dust concentrations required for the above-described
processes are possible in the stratosphere, and what arc the guentity and dimensions
in which dust may be present in a suspended state in air continuously forming, as it
were, a "dust atmosphere®.

1t can be shown that the lower limit for a dust concentration continually present
in the atmosphere 1is 103 if the dimension of duet particles is 10"6 centineters,

Let us set up these two fundemental postuletes: first, particles with a dimension
of 10-6 centimeters are suspended in the atmosphere below the 80-kilometer level,
gince here, with regard to them, Stokes' velocity is smaller than the velocity of

Brownian motion (both velocities are calculated hy taking into account Cunningham's .
- __ STAT

[

Fy -

o ,'.'*Ae,.._:‘;.—:m;. D
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correction for gl *ding)' second, the density of Gust in the outer portions of the

a.tnonphero cnnnot ‘be lower than the density of dust in the 1nterplanetary space..

¥rom the physical standpoint, both these postulates are entirely substantiated., In
general, the 80-kilometer level is distinctive in nany ways: this is the level delins-
ating the lower boundary of polar auroras, the second twilizht arc, the lower boundary
of the E layer of the ionosphers; and this is the level at which the ionization traces

of meteorites cease and dust traces begin,etc. Let usnote that dust particles cannot

be present in suspended state above that level. This conclusion is confirmed as
follows: according to meteorological data, the SO-kilomet;er level is a boundary above
which the air dengity decreases abruptly; noctilucent clpuds are never observsd above
this level,

Let the mean concentration of the dust rerticles measuring ].O"6 centimetars. in
dimension and suspended in the atrosphere below the So-kilomete'r level, amount to 103.

Then, the mean density of that dust in the atmosphere armounts to 2- 10‘114" gra.ms/
cubic centimeter (with a density of dust matter amounting to 3 grams/cubic centimeter),
The total quantity of dust in the layer in question, with a volume of 3;7 . 1025

cubic centimsters, equals 1!».5 . 105 tons,

Let the total diurnal income A of cosmlc matter conveyed by meteorite bodies
into the atmosphers rémain constant with time, According to the most recent data,

: it amounts to 6 tons daily. Ii‘ the duration of the earth's existence amounts to-
3+109 years (according to the radiometric method), then the total amount of the
nonorite ratter which has en’cered the atmosphere Guring that time should amount to
6.6'1012 tons. Then the ﬂ-portion, the amount of cosmic matter which did not settle
nonto the ea.r’ch's surface, would be no more than 10~7 of the total amount,

Let us examine the question of dust density in the 160-30 kilometers layer,
Immch as in that layer the velocity of Brownian motion is smaller than Stokes!
vclocity. with re:pect to the 10™ -6 centimeter dust particles, these particles subside
downward at s v_clocity of the ordér of 10° centimeters per second (at the 100-kilometer

altitude, Stokss' velocity is 8 centimeters ber second, while at the 120-kilometer STAT -

-%, .}s . .
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2 altitude 4% 12 110 centimeters per second), Accordingly, the dust perticles will,

R =T

" trevel tnruu,,h the peth from the lGOdanometer level to the B0-kilometer level dmving

a time 7° of thc order of a 21{-hour pariod. :

Obviously, the total quantity of dust ;particlu with e dimention of ZI.Q"6 centi-
meters in that layer equals

”-‘:f:A-pe w uan-

a.nd. dust density in that layer amounts to p 10":"9 grams/cubic centimeter.

It is known that the density of cosmic dust in outer space ie of the order of

.

21 to Zl.0'26 , grans per cu‘bic centimeter. Since the density of dust in the ea.rth‘

Pl

at;xppphere cannot be of & value smaller than this value, the obtained value ofa'ji!
eq@ to 10‘7. Ai-, the minimum possible for the atmosphere. Correspondingly, our
assgmed .concgnt'rati‘on of 103 particles suspended in the atmosphere appears to be the
minimum one, The actual magnitudes of ‘ﬁ. and, consequently, of that concentretion
also, should 'be‘much higher, o

In the atmosphere the dust may not be fiistributed uniformly. The deviations
f:;om the mean values of such a distribution are bound to be both spatial and tempdra.l.
Actually, observations of noctiliucent clouds ehow that the surface brightness of
these clouds sometimes changes abruptly and very sharply, which, obvicusly, indicates
a like sbruptness of the change in the dust concentration in thesé clouds., Sometimes
even it seens as if a shadow fells on these clouds, and then vanishes - such is the
suddenness with which the intensity of their illumination changes. Ususlly, luminosity
of the clouds changes 10 to 15 times within several minutes. But, there exist also

more prolonged perturbations in the dust content of the atmosphere.

In 1944, X.N, Kalitin made a survey of the data based on long-term actinometric

observations of a number of stations, in order to explain whether an August trans-
parency minimum does actually ‘exist, and whether it might not be related to the
showers of the "Perseids". It was found that the minimum does exist, and it occurs
simultanecusly at all the selected stations, from Pavlovsk to Yakutsk, in which

connection its magnitude is of the same order at all stations which although are STAT !
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located undor various climatic conditions. Hence, it was concluded that the cause
of the Angust transparency minumum is of non.terrestrial origin, but is instead the
re;t;lt of the iiPersem“ meteor showsr. The extent of the accumulation of cosmic
dust is 70 million kilometers, with the absorbing mass not uniformly distributed in
that accumilation, The absorption maximum is situated at a distance of 26 million
kilonef:ers from the frontal limit of that accumilation, and the second portion of
the accumulation 1s mors dense than the f.irst. The earth enters into the dust cloud
on 8§ August and leaves it on 5 September,

Preliminary processing of data has shown that togsther with the August minimum
there also exists an April minimum, which might be ascrn.aed to the influence of the
"Lyrid" meteor shower. As early as in 1925, studies of the anmual course of trans-

parency of the atmosphere over Pavlovsk revealed that the transparency in April is

lower than mizht be cbtained from the values of the anmual course,

These data corroborate the assumption that the earth on its or‘bit encounters
dust accuzrmulations of various dinenniﬁns and various concentrations.

Thus, it may be expected tha.t the conditions required-for the a’bove-examined.
processes of the vertical motion of air are always present in the stratosphero betwsen
the 20~ and f0-kilometer levels, where there are sufficient quantities of dust and the

vertical velocities reach 2 considerable magnitude,

The 1ntemix11;g of air and local cyclonic systems reach their maximum intensity
during the time when the atmosphere is invaded by large accumulations of cosmic dust.

In concluding let us svaluate the possible order of the diurnal variations of
a:lr temperature in t‘qe stratosphare cauged by the thermal effect of its dust content.
<!or this purpou. let us assume that the a.ir layers are so uniformly dust—filled. in
the horizontal direction that tha formtion of vertical currents is not possible,
I.et us emine the squation of heat influx related, as previounly, to a unit

1

mass of a.ir occupying a specific volume v:

€ e

——

A u-/.ezv:- ¢, T _avg.

i
4
!
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33 :48ince" in thp given cau thn voluno of air expands with heating vhilmnot{}x.:g

SIS TS

Let us, ca.lculate the changc in temperature d.ur:lng ons dny. , .
' Let the time from aunriu to sunset t — "o equal 12 hours, and lct nun ,
concentration of dust ‘be X = 103 (102 in thc upper half of the stratosphero and. |
10% in the lover half thereot). \

. .-~o~,’

At the 30-kilometer 1eve1° T = 230° po = 10 milli'bars- and A!’ = 1}°

L)

At the 75-kdlometer level- To = 2759, s;u 10~2 millidars; and .w = 24,50,

thus, the daily course of temperature shculd increase with a.ltitnde. In the
inverlion layers .e.g.. in the tropopauu, the dust content should deviate from mean
conditions, and .tpe ‘dai']‘.y course shogld :be correspond;l.ngly greater thm; in the upper
layers next to the invertion. ) . . - | «

In this vay, the intermixing of air in the stra.tosphere, ’neing the result of
the a.fore-s:urveyed vertical macro- and mic}'o-motions, should impede the‘ establishment

of a diffusion equilidrium up to the E0-kilometer altitude,

The intermixing of air with an individual lapse rate of g_% o~ p should
contribute to the establishment of an isothermal temperature rrofile in the strato-
sphere, just the same as the adisbatic displecemente of air in the troposphere lead
to a decreass of temperature with altitude.

If the hypothesis of the radiation equilibrium of the stratosphere should give
relatively satisfactory results, then this may be explained by the circumstance that,
in the problems to which it is applied (e.g., the determination of the thermal regime
of_ the stratosphere under conditions averaged for long intervals of time and for'

extensive spatial regions), the radiative Drocesses are of essential importance,
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Actually the n.tat. of radiation equilibrium should be considered the primary state
of the atmosphere. But in being hydrostatically unstabdle (as revealed already by
Eden's calculations), this equilibrium is transformed into a convective equilibrium,
in the troposphere, owing to the perturbing influence of the earth's surface. Here,
the radiation equilibrium itself generates turbulent and convective heat transfer,
Such a transformation does not extend to the stratosphere,

In studies of the stratosl;here it is necessary to consider, beside the presence
of non-radiation heat influxes therein, also the circumstance that the stratosphere
is not a region totally isolated from the troposphere, The physical processes above
the tropopause are to a major extent affected by the state of the lower layers., The
tropopause is not & continuous surface of discontimuity. The break in the tropopause
in the mi;ldla latitudo':, in the area of the jet streams, iasures an 1nt;nsive exchange
of tropospheric and stratospheric air masses. There are reasons for assuming that
the tropospheric dynamic perturbations (cyclonss and anticyclones) cause similar
porturbations above the tropopause /32,817 .

The concept that the weather-forming processes, originating primarily from the

effect of the earth's surface (general circulation and rressure disturbances -~ cyclones
and anticyclones) develop only within the lower few kilometers of the atmosphere
(troposphere) should apparently be considered obsolete and not true, This concept
developed as a result of the 1limited possibilities for experimental investigations
of the upper layers of the atmosphere. -
" Phe *.iow density of the air in f;he upper layers 1s another argument in favor of
'th‘e"possi'bility' of their being susceptible to the effect of the processes occ'urring
4in‘the troposphers, since t‘he energy which nms"c be transmitted upwerd by» a certain
mechanism, is not signi'fi'cant.‘

It should be expected that the more intensive the processes in the troposphero,
ghc larger the area of the earth's surface that they occupy, and the longer their
duration', the greater is ‘their influence on the upper layers and the higher they

must extend,
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i.et u; turn to the experimental date corroborating the foregoing representations,
Pirst, there are the statlstically processed observational data on tenperature and
pressure at various levels in cyclones and anticyclones. P.N. Tverskoy cites data
;)n temperature distribution in cyclones and anticyclones up to the tropopause level,
A.B, Ka.linovski:z' provides the distribution of prescure and temperature in cyclones
and anticyclones up to an a.:ltitude of 20 kilometers. The limitation of observational
data to the 20-kilometer lever is due to the fact that this level is the mean ceiling
of radiosondes . If 1% were possidle to obtain information on température and pressure
above the tropospheric cyclones and anticyclones, at higher levels, it is entirely
probable that this would serve to demonstrate the susceptibility of these higher levels
to the effect of dynamic perturbations in the troposphere,

Secondly, we know of varlous phenomena making it possible to explain the mechanism
of the connection between the tropospheric cyclones and anticyclones and the upper
layers of the atmosphere., It is becoming possible to show the predominant role of
tropospheric prrocesses in the overall development of a perturbation., A separate study
[32]is concerned with the explanation of this mechanism. All the necessary experimental
data will be cited below insofer as necessery.

With respect to tropospheric cyclones the following is known: Basically, these
two stages may be distinguished in the development of a cyclone: (1) the wave staege -
the cyclone has a warm sector, and its intensification occurs chiefly owing to advective
causes; (2) the vortex stage - the beginning of this stage may be related to the
beginning of the occlusion of the cyclone; during this stage the cyclone deepens
owirg to the dynamic processes associzated with the upward displacement of warm air
and the release of moist-instability energy.

The vertical thickness of a cyclone depenis on the stage of its development,
and it increases with the age of the cyclore. Juring the frontal-wave stage the
baric depression is restricted to the lowest kilometers of the troposphere. In

proportion wilk increasing vorticity and deepening of the cyclore, its vertical

'STAT |

thislmeee (taunrde ths tine of occlusion) reeches the lower layers of the stratosphe
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In the occlusion stage, the perturbation is elready so well expresaed in the
np;laér&t:n::;poaphere thut closed cyclonic lines of fiow and, conssequently, closed'-:‘
cyclonic ieobars, are present at the 6-7 kilometer level; the depression center at

that level nearly coincides with the lower center of perturbation, i.e., ‘bhé ix{clination

of the cyclone axis becomes steeper, Occlusion occurs with a sufficiently pronouncbd
pressure drop at the earth's surface. During this stege the cyclone is slightly
mobile. In a cyclone, the tropopause and the lower stratosphere, as well.subside
downward in order to reestablish the static equilibrium violated by the counter-
gradient displacement of ailr from the deepening cyclone at the 5 to 8 kilometer levels.
The altitude of the tropopause decrcases in proportion with the development of the
cyclone and at the moment of the occlusion, or following that instant, it reaches
eapeci.a.lly low values, At first, this decrease occurs owing to the meridional advection
of the lower tropopause from the north, while during the second stage tlyere occurs

a dynamic suction of the tropopause.

By proceeding from the data on the correlation coefficient between pressure at
various levels and the altitude of the tropopause H, it may be assumed that tropo-
spheric processcs exert a stronger influence than stratospheric processes at the
altitude of the tropopause: the correlation coefficient betwesn H and Pyg amounts'
to 0.64, and between E and pg, to 0.71; the maximum correlation exists between H and
P5e

In the ;rortox stage, the temperature of the troposphere decreases, while that
of the lower stratosphere increases,

The most intense cyclones are already occluded to a major extent and therefore,

may be regarded as cold tropospheric vortices,

The dynanic processes developing in an anticyclone, take place in an opposite

direction: the vertical velocities are downward-directed, pressure increases, and

the tropopause ascends.

Let us set up the problem: let us explain the manner in which the values of

GRS

meteorological elements at various levels in a vortex cyclone (or anticyclone) vary

~56-
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ulth time, if their variation with time at the earth's surfece is known. ‘In otbsr
werds, let as citespé $c obtialn thecretically tac variation in Sho state of the
etmosphere with time at various altitudes on the basis of given changes in that state
at the earth's surface, for the case of a vortex cyclone, Obviously, with a proper
solution of the task, the results so cbtained should approximate the date cited by
P.N. Tverskoy, A.B. Kelinovskiy, and others,

Let us exanine the set of the equations of hydro. and thermodynamics proceeding
from the following representations concerning the principal features of a cyclone
in the vortex stage of its development: its isobars are circulor, the cyclone is
stationary, its axis is vertical, and the process is nonstationary and occurs
adigbatically.

Let us write the equations of motion for a cylindrical coordinate system:

do, du
z —r 9 i 4
'0_‘+'Ur or +H

equation of continuity

equation of heat influx
6& w d8
Oror + + ©— ( '0r+ )

In the above formulas C=‘% _18 dimensionless vertical coordinate (H is
thickness of the layer in question, i,e., altitude of the tropopause); Vr, v‘P and
w are the velocity components for the radius, tangential to the isobar, and ver tical,
respectively; & is the deviation of temperature fro- ite iritisl ren perturbed
value; F=Ta+g_ (where 7, is the adiabatic lapse rzte and T is temperature of
the undisturbed ataosphere); I is Coriolis parameter; and t is time,

In order to integrate to the end this set of equations, let us give vertical STAT
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\;H:h time,—if —i;ﬁ;ir variation with time at the earthis eurface is known., In other
werds, let as attempt to ohtaln theoretically tle variailcn in. the state of the
atmosphere with time at various altitudes cn the basis of given changes in that state
at the earth's surface, for the case of a vortex cyclone. Obviously, with a proper
solution of the task, the results so cbtained should approximate the data cited dy
P.N. Tverskoy, A.B. Kelinovskiy, and others.

Ist us exanine the set of the equations of hydro. and thermodynamics proceeding
from the following representations concerning the principal features of a cyclone
in the vortex stage of its development: its isobars are circulor, the cyclone is
stationary, its exis is vertical, and the process is nonstationary and occurs
adisbatically.

Let us write the equations of motion for a cylindrical coordinate system:

equation of heat influx

a8 0% | wod A
atvataETIo—<,

In the above formulas is dimensionless verticel coordinate (H 1is

5
thickness of the layer in question, i,e., altitude of the tropopause); vy, Vip and

w are the velocity components for the radius, tangential to the isobar, and vertical,
respectively; & is the deviation of temperature fror ite iritiel ron perturbed
value; F=T¢+g i (where 7, is the adiabatic lapse rate and T is temperature of
the undisturbed atomosphere); [ is Corlolis parameter; and t is time,

In order to integrate to the end this set of equations, let us give vertical STAT
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v

velocity w in this form:

w=ua{ (1 —af) f(£),

where f(f)— is arbitrary function of time,

Our assumed { -dependence of w may be thus physically substantiated: at the
earth's surface w should equal zero, sbove that surface, it has positive values, but
in the tropopense w is negative, inacmuch as the tropopause over the cyclone tends to
subside. Therefore, it may be assumed that in the layer below, directly contiguous
to the tropopsuse, vortical velocity w is also negative. Corsequently, in the upper
troposphere, w passes through zero, This is the condition for determining the
coefficient, which varies within fairly narrow limits, inasmuch as the value of &
at which w reverts to zero is in every case greater than 0.5 and smaller than unity.

Inasmuch as with regard to the r-dependence of w it may be merely etated that
w reverts to zero =t some distance from the center of the cyclone, the examination
of this dependence would require the introduction of new parameters with arbitrarily
selected quantitative velues, This would not improve the obtained results, and 1%
would merely complicate the calculations; consequently we shall ignore them here.

In its form assumed here, w reflects satisfactorily the conditions in the central
area of the cyclone where w may be regarded as being independent of r.

The derivation of the above set of equations is provided in [}?/. The
formilas obtained inB'_é'j were used to make a calculation of the distribution
of temperature and wind at various levels in the atmosphere over a cyclone, under
the following conditions:

Given: baric temperature and wind fields at the earth's surface at the moments

of t = 0 and t = t in the center of cyclone r = 0 and at a distance n, from that

center: T ot=0:
Py=966 u6, 8 =0.

Py =967,35 u6, 8=0/"~1—=85.10"2
4

P2 =961 u6, 6 =0.
Pa=962,35 w6, a..—..-o,sf*lg'—'}.:l,s.lo-'.
]
-58-~
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°““Furthermore, when t = 0, the temperature at the earth's surface is 7, = 3000,

and at the tropopause level, Ty = 240° (H a 6 kilometers);and ty = 6 hours (duration
of vortex stage), while ry = 200 kilometers,

The results of the calculations are compiled in Teble 3, In this Table, ‘,A,p'.‘;

denotes the variability of pressure with time at various levels, and 4,p. den;atea
the horizontal pressure difference at point ry and in the center of the. cycl'one at
various levels, at the initial and final moments of time,
Table 3
Distribution of Pressure and Temperature in a Cyclone
(The numerator contains datae Pertaining to the t = O monent of time;

the denominator, data pertaining to the t = t) moment of time)

{
r=90

L. 4p p 4p Ap

066,60 41,35 967,35
—s'm —_— L -3, '
B0~ | 3 S0 |

860.56 1,16 861,72
-4, -3, —_—
64 855,42 -+1,88 882 857,80

_ 763,52 +113 | 761,65
424 759,28 ERNT! 42 76042

| 674,44 -+1,00 675,44
—3,56 —4, i
670,88 +0,18 4,38 671,06

593,04 40,85 593,89
~356 =4 :
589,48 +0,03 438 589,51

_3n | _51878 081 | _ a9 | 51959

——

515,67 - 047 615,20

451,35 +0.74 452,09
—2.93 s
| B —0,64 B s

Let us compare the above results with experimental data,

Temperature, P,N., Tverskoy's data: Selected data on soundings on the days of
explicitly expressed cyclores and anticyclones; the former, in U6 cases, and the

latter, in 39 cases, The seclected cbservatione cover the periocd from December 1903
to December 1915,
STAT *

t
17

The results of the processing of the selected data, illustrated in Fig. 5, show
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the temperature distribution in cyclones and anticyclones and the mean temperaturs
distribution for the four seasons and for the year as a whole. XNear the earth's
surface the temperature in the cyciones exceeds the temperature in the anticyclones,
but, beginning from the altitude of one kilometer, thie relation is raversed, while
at altitudes above 8.5 kilometers the cyclone temperature sgain becomes higher than
the anticyclone temperature., The difference between the temperatures in the cyclone
and in the anticyclone increases at altitudes between 1.0 and 2.5 kilometers, after
which it remains nearly constant up to the altitude of 7.0 kilometers, varying within
the limits of approximately 3 degrees, Between altitudes from 7.0 to 8.5 kilometers
this difference abruptly decreases, and above the 8.5-kilometer altitude it again
increases, reaching a value of 6.0 degrees at the 12-kilometer altitude. The course
of the curves in the lowest kilometer 1s explained by the influence of surface
conditions,

A.B. Eslinovskiy's Data; The values of the algebralc variability in temperaturs
are of opposite sizn in the troposphere as contrasted with the stratosphere (Fiz. 6).
The change in sign occurs under the tropopause at the altitude of 9.5 kilometers.,
The maximum of the variability is observed at the altitudes from 6-8 kilometers.

The maximum of the variability of opposite sign is observed at the altitude of 12
kilometers, above which its decrease ensues,

Hewson's (E.W.) Data: The mean temperature curves in cyclones and anticyclones
over England exhibit the same character as P.N, Tverskoy's curves.

The theoretical curve of temperature variability at various levels, plotted on
the basis of the cdata in Table 3, is very similar to the above-cited experimental
curves., The sign of variability in the free atmosphere is negative. In the middle
troposphere, variability is very small, The change in sign takes place under the
tropopause. The absolute value of the variability, 3-Ut degrees, is close to values

obtained by aerological observations, The theoretical point of the reversal of sign

is lower than the experimentally verified point owing to the lower position of the

tropopause assumed in the cited example,

~60-
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Pig., Hh. Vertical Temperature Profile
1. In cyclone; 2. In undisturbed atmosphere; 3. In anticyclone (a2 - winter;
b - spring; c - summer; d - autumn; e - year). One gradation on the scele equals

30 degrees.

<
/) T

L\ e N
5= \
02 4 6 8 10 12 t4 16 18 20/m

—_—— e ——

Fig.. 6. Algebreic Variasbility of Fressure (a) and Temperature (b)
1. 48, > 0, AT, £ 0; 2. AB. < 0, AT.> O
He and T represent the altitude and temperature of the tropopause,
. respectively.
Pressure., According to A.B. Xalinovskiy's data, pressure varlability ilnitially
incresses with altitude, but above & kilometers it begins to decrease, This decrease

has been traced up to 20 kilometers, in which connection the variabilities in a STAT
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cyclone are of a negative sign, and in an anticyclone, of a positive sign.

According to Hewson, pressure variability with altitude Secreases uniformly

P

itude,

8 millibars, ai the 12-kilonmeter altitude, U millibars, 16—k110meter, 2 millibars,
and 20-kilometer, 2 millibars (Fig. 7).

According to Xhromov, the interdiurmal pressure variability in cyclones also
decrsases with altitude: at the earth's surface, it is 5.1 millibars, at the

8-kilometer altitude, 4.7 millibars, and at the 12-kilometer altitude, 3.5 millibars,

'\\

L
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F

the Passage of‘ﬁiéix_-: and
¥ -

8. Pressure; b,

" E)sconoe

High; c.

dccording to theoretical data,

f C I d L] e
Wabaenae

) wuinoe

F

¥ig. 7. Change in Pressure at Various Altitudes (From 0 to 20 xilometers) During

Low-Pressure Systenms

forward, C - central, and R - rear portions of pressure systems,

Low.

variability hes & nezative sign at all altitudes

in'a cycione. It uniformly decreases with altitude. Its ebsolute values likewige

approximate the values given by experimental data,

In a comparison it is necessary

to consider that, e.g., the surface variability calculated by Hewson is twice as

large as that assumed for the theoratical celculation, Therefore, this ratio is

maintained at all other leyels,

It is interesting that

the vertical course of the variability of temperature

and pressure is independent of the time intervals to which these neteorological
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elements are related (theoretical variabilities were computed for G-hour intervals,

whereas the -variabilities takten in aerological and other obgervatiops are uenzlly . . .. .
related to 21&-hour intervals). Here probably, the essential circunstance is that
the variations in meteorological elements associated with a change in the synoptic

situation, as pointed out by Ye., S, Selezneva, occur mostly during short time

intervals and then they graduelly increage,

With regerd to the other elements, the following should be noted: The ord'er
of the computed vertical velocity corresponds with the actually observed value, Tha
computed values of w for the troposphere are of the order of several centineters per
second.

The radial components of the velocity for the lower layer is directed toward
the center. 1In the upper troposphere, it is directed from the center, with the
absolute value of the outflow velocity exceeding thet of the inflow velocity. Such

& profile of v, is conditioned by the given profile of W. Both profiles reflect

very closely the actual directions of the flows in the vorticel cyclone. Inagmuch
as the outflowing mass of air exceeds the inflowing mass, an intensification of the
cyclone occurs,

The tropopause displacement is AH = 0.54 kilometers, If we assurie a value
of @ or, which amounts to the same thing, of W, two or three tires greater, then
the displacement will amount to 1,0-1.5 kilometers, which is cloge to actual values.
(vertical velocities of the order of 5-10 centimeters/second are entirely rea}istic
for a cyclone).

From Figs. 6 and 7 1t 1s evident that both the cyclonic and the anticyclonic
Perturbations extend from the troposphere into the entire lower stratosvhere. The
Perturbation in the lower stratosphere is of the same nature as that in the tropo-
sphere: the wiform decrease in pressure is also observed in the stratosphere, the
temperature curves in the troposvhere and stratosphere are of an identical character,
and the uniform increase in the absolute values of the temperzature variability is

replaced by a similar uniform decrease in thege values,

@ 50-Yr 2014/03/21 : CIA- RDP81 01043R004000180006 8
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Inasmuch as the temperature variabilities bslow and above the tropopause,

respeciively, are opposite in sign, it may de concluded that the dynamic perturbations
. . _ in the troposphere and in the lower stratosphere are likewise opposite in gign,
The lower stratosphere over a cyclone is occupled by a vortex disturbance within
which there occur vertical motione of air, extending from the tropopause to the
maximim altitude of observations (20 kilometers), but, unlike in the troposphere,
directed downwaerd rather than upward. Therefore, calculutions based on the afore-
given scheme of formulas may be also apprlied to perturbations in the lower strato-
sphere, The results of such calculations are given in Table U4,
Table L4
Distribution of Pressure and Temperature in an Anticyclone
(see explanatory notes in Table 3), t=o0 t =ty
Wmax = -5 centimeters/sec Vr ee. 1.67 meters/sec 2,05 meters/sec

=0
'v? e 9.8 0w LA B o R L

Arp A‘p

451,35 +0,74 —431 452,09 0
448,42 —0,64 ' 447,78 479

77 . =03, 391,46 0
338,91 —1,57 ’ 387,3% 8,40
2473 | =013 | o5 | 29460 . o
292,68 —056 ' 21,927 135
179,18 =008 | 7 179,10 0
177,93 0,00 ' 177,93 113
10848 0015 ; oo | 108465 | o
107,78 0,260 ’ 108,040 | 11,4
81,958 -0014 81,944 ‘ 0

— 2 s —0,19 _ | —
0532 81,426 +0321 ¢ 197 81,747 , 4,79

71,092 —0009 ' _ooe | _71.083 )}
70,503 70,402 ' 71,005 l 0.7

-1,25

—0,700

—0,499

The thms obtained temperature deviations 3 initially increase with altitude and
reach at the 12.5-kilometer level values exceeding 2-3 times the normal temperature

deviations in the troposphere, and then decrease from that level upward, They are

-6l
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positive in sign,

According to experimental data, the deviations of temperature from mean values
over a cyclone in the lower stratosphere are positive at all altitudes. The changs
in the obtained temperature deviations with altitude agrees satisfactorily with ihe
course of the temperature curve plotted by Kalinovskiy.

In their order of magnitude, the compnted deviations li:kewise approximate the
experimental deviations.

Meny investigators note that the temperature fluctuations in the lower strato-
sphere over a cyclone are considerably greater than at the earth's surface, This
obviously, is a characteristic feature of vortex cyclones, The calculations also
give this peculiarity.

The computed course of pressure varisbilities also correspords to the esctuelly
observed course. Pressure variability uniformly decreases with altitude, In their
order of megnitude, the computed and the actually observed pressure varlabilities
agree satisfactorily.

Such an agreement between the computed and actuslly observed data cannot be
considered as fortuitous, The calculations were made for the average cyclone, with
typical characteristics, but not for any specific cyclone, Their results were
compared also with the mean statistical data of the observations, Ac;ordingly, it
is concluded that the theoretical model of a nonstaticnary cyclone (anticyclone)
wag satisfactory and reflected with sufficient accuracy the processes actually
occurring in the atmosphere, Therefore it should be assumed that the vertical motions
and the directly related radial motions are, with regard to the vortex cyclone, of
a dominent importance, determining the development of the process as a whole, Above
a tropospheric vortex perturbation there develops, in the lower stratosphere, a
vortex perturbation that is opposite in sign end, correspondingly also, the vertical
motions in the troposphere and in the lower stratosphere, respectively, are opposite
in direction. The energy of the perturbation is trensmitted upwerd as a resnit of

the effect of dynamic processes in the troposphere in the Pressure and thermal fields

STAT
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at higher levels, so that as a result, horizontal and vertical flows develop.

¥ith regard 4o the layers aboves the 20-kilometer level, experimental data
similar to the above are not available, But t'h‘ls,' of course, is no reason for con-
cluding that perturbations caused, as in the lower stratosphere, by the effect of
tropospheric processes, cannot exist at these altitudes.

Likewise, it cannot be concluded from the decrease of the variability of temper-
ature and pressure witk altitude in the lower stratosphere that dynamic perturbations
should attenmuate with altitude and not be transmitted higher. In the upper tropo-
sphere, temperature variability also decreases with altitude and passes through a
zero point but, this notwithstanding, such variability occurs again in the lower
stratosphere, where in absolute value it even exceeds the troposvheric values,

The relative value of the pressure verigbility owing to the decrease of pressure
with altitude, decreases more gradually than the absolute value. The horizontal
pressure gradient is important in the development of perturvations, dbut it elso may
pass throuzh a zero point, e.g., in the lover stratosphere directly sbove the tropo-
pause, and then again attain an apprecizble value,

A graphic exanple of the shift in the sign of dynamic perturbations is shown in

Fig. 8, taken from (81/, which 1llustrates the pressure fields at t-h—e .earth's

surface and at the tropopause level on 17 May 1949 for Western Europe: over the

cyclone in the troposphere an anticyclone is found in the lower stratosphere,

There are reasons to assume that the effect of tropospheric dynemic perturbations
extends a‘bove the 20-kilometer leavel because many data indicate the existence of a
relzationship between the various phenomena ir the upper layers of the atmosphere
and between tropospheric cyclones and anticyclones. Let us cite some of these
reasons:

1. The anount of ozone exceeds considerzbly its mean values over a cyclone
and is considerably below the mean over an anticyclone,

2. The nacreous clouds observed in the layer from 22 to 27 kilometers are most

often accompanied by intenss cyclones. Shtermer LE/ assumes that such clouds may be
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& cheracteristic feature of the stratosphere over a cyclone; however, they ere

usually not visible owing to cloudiness accompanying the cyclore in the troposphere.
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Isobars at the Tropopause (300 millibars) on 17 May 1SuS.
(Pressure field at the earth's surface denoted by broksa 1lines)

3. Night observations of the strength of radio reception mey be used to
conclude that the lon conceatration of the E layer is considerably increased over
a cyclone and reduced over an anticyclone,

4, The icn concentration in the F layer on "frontal d‘ays"—, i.,e,, days with
cyclonic type of weather, is lower than on ordinary days.

5. The "contirental® effect: +the ion concentration in the F layer over Siberia
(Tomsk) in wirter, when & stationary anticyclone is present, is higher than over the
Buropean porticn of the USSR (Moscow).

The sbove-emumerated phenomena lead to the assumption that many processes in
the upper atnosphere develcpr simultaneously with cyclonic and anticyclonic activity
in the troposzhere. It is difficult to conceive that all these rhenomena should not
be directly interrelated, that there may exist sore differirg causes exerting a
simultanecus effect on all layers and causing in these layers mutually independent
variations correspcnding to the onrnes described above, It is more natural to assume

that between the verious layers of the atmosnhere there existe a close thermal and

dyramic relationship owing to which & perturtation in a certain atmospheric layer STAT
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exerts an influence on the state of other layers.

All the sbove-cnumerated phenomena prove to be readily explained if it 1is

assumed that in the upper layers - the middle and upper stratosphere and the iono-

sphere - there are dynamic perturbations of the same nature and that the same
alternative sequence of positive and negative sigas as in the two first layers -

the troposphere and the lower etratosphere exists. Such en essuaption appears to

be possible not only Ddecause it explains the diverse observaticnal data but also
because in the upper layers conditions necessary for the origin of such per turbations
exist -- i.e,,layers of temperature inversion similar to the tropopause. The middle
stratosphere is separated from the upper stratosphere by a larer of a pronounced
temperature inversion, with the paximum temperature in that layer found at the level
of 50-55 kilometers. In the E layer, with which the jonosphere begins, at altitudes
of 80 to 100 kilometers, another temperature inversion is found, There are certain
reasons for assuming that above €0 - 100 kilometers temperature decreases with altitude
and reaches its minimun values at 200 kilometers, but in the ¥ layer - in the upper
boundary of the ionosphere, it again begins to increase.

The incrsase of air temperature in the middle stratosphere is associated with
radiative processes - an increase in the absorptivity of the atmosphere in the ozone
layer. As for the increase of air temperature in the ionospheric layers, 1% is
related, on the one hand, also to an jncrease in the absorptivity of the atmosphere
with respect to ultraviolet rediation of the sun, and, on the other hand, to the
direct increase in the kinetic energy of air molecules in their collisions with the
corpuscular particles emitted by the sun.

Inasmuch as the vortex perturbations opposite in sign were formed in the first
two layers (i.e., troposphere and jower stratosphere) separated from each other by
inversions - the quesition arises why should not such perturbations likewise be

prasent in the still higher layers, which are likewise separated by inversions from

the lower stratosphere and from each other.

Thus, let us assume that a cyclone while developing in the troposphere and

STAT -
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while riliﬁg to the tropopauses level exerts an effect not only on the entire lower
. Btratosphere. . vhere it .unavokes. ap, anticyclonic.disturhanca,. ot alen. on. the. 54111
higher layers, by provoking cyclonic disturbances in the middle stratosphere and the
lonosphere, and anticyclonic disturbances in the upper stratosphere. When an anti-
cyclone develops in the troposphere, the signs of the perturbations in the various
layers would then by correspondingly reversed.

In regions with cyclonic perturbations there must be sources of instability
energy so as to make possible the development of ascending motions of air in these
areas, In themiddle stratosphere, the source of instability energy may be in the
form of cosmic dust, and in the ionosphere, corpuscular and ultraviolet radiation of
the sun, Let us explain the above-indicated phenomena by means of a here proposed
scheme of perturbations. Let us examine the cese of a cyclone in the troposphere,

The horizontal flowe at the 20 to 25 kilometer ~ levels, directed to the interio#
of the perturbation region must bring in ozone-rich air. As a consequence thers
thould occur an increase in the ozone content in the area over the cyclone.

The vertical flows directed upward in the 20 to 30 kilometer layer should
facilitate the condensation of smell quantities of water vapor, which leads to the
formation of necreous clouds in that layer. Such en explanation aiso sheds light
on the circumstance why nacresous clouds accompany only very strong cyclones, i.e.,
cyclones extending upward to a great distance,

The horizontal fluxes directed towards the interior of the disturbed region at
the altitude of the E layer should lead to an increase in air density and, consequently,
also to a concentration of ions in that layer in the area over the cyclone. A re-
versed situation should tzke place over an anticyclore. It is very important that
the increase in the ion concentration in the E layer over the cyclonic area has been
recorded at night and, therefore, it may be caused only by dynamic principles, In

the absence of éola:\lig?t, the ordinary physical-chemical processes can result only

\\
in a reduction of the number‘bﬁ\ipni.
\

The horizontal flows directed outﬁarexgzgm the disturbance region at the altitude

~
~
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of the ¥ layer should carry away ion-rich air from that area. Therefore, on "frontal®

dsye 'the’ tom concentrdtion in the F layer decreases,

An opposite procesg over an anticyclone, gives a "continental® effect.

Let us cite still two more examples of the relationship between weather and
jonospheric characteristics, described in [E?é]. The weather in Australi; is,
according to meteorologlical observations, determined by a fairly regular seguencs
of anticyclones crossing from the west to the east. In the region between two
consecutive anticyclones there is a zone in which the air characteristlics change
and, ultimately, there forms a cyclonic depression. During 19 months of observations

at two stetions locatad alonz the trajectory of the anticyclone chain, the ionization

. of the F layer was 6 to 1l percent above its normal values, and a tendency towards

a decreass in ionization was observed under "frontal weather conditions”, Another
case of correlation, observed on the Zikkawei Observatory in Shanghal, has an
analogous character., Observations revealed the existence of a relationshlp between
the manifestation of an echo from the E, Fy and Fp layers and the subsequent behavior
of the three principal air masses - the polar, maritime and equatorial air wasses,
Observations showed that the occurrence of an echo from the F; layer was followed

by the appearance of polar (Siberian) air over the station, while the occurrence

of echo from the Fé layer indicated that an arrival of tropical air should be expected
or if it had already arrived, its conservation was indicated. If, however, an echo
from the E layer occurredit was subsequently followed by the advent of masses of
maritime (Pacific-Ocean) air over the region of the station or, if that air had
already been present over the region, by its conservation. If the detection of an
E-layer echo was made in the presence of a typhoon at a distance of approximately

200 miles on the weather chart, it could be predicted that the air masses advancing
from the sea will brinrg the cyclone to a dangerous proximity to the station.
According to the author, these relationships were so definite that they could be

used for a sufficlently reliable forscasting of the features of future weather,

From the standpoint of the expounded scheme of relationships among the various

-70-
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layers, all the above echo relationships are readily explainable, According to the
T lgyer Ir-cresses over iroposrreric anticyclones

and decreases over cyclones; the reverse occurs with regard to the E layer.

Thus, the changes in the state of the upper-air layers observed during cyclonic

or anticyclonic weatker obtain a simple explanation. Inasmuch as all the above-
enumerated phenomena fit into a single scheme, this to can serve as an argument in
favor of its possibility.

It should te noted tbat as long ago as in 1933 E. Palmen, on the basis of
processed aerological data, came to the conclusion that over a cyclone in the lower
stratosphere there should exist a downward-directed flow of air; it is true, no
quantitative theory was provided for these phenomena,

In the problem of the relationship between ozone and the itroposphere, the latter
mast be the primary link. Ozone as the prime cause may be used for a qualitative
explanation of the observed close correlation between ozone concentration and potential
temperature in the lower stratosphere at the 18-kilometer level, But in quantitative
evaluations there develop insurmountable contradictions: the increased concentrations
of ozone muet be raintained for too long (16 days) a period for bringing ebout the
necessery cnange in temperature in the given air mass by emission from ozone. Conse-
quently, only the processes in the troposphere may cause both a change in the ozorne
content over cyclones ard anticyclones and alsc dynamic fluctuatlons of temperature
in the lower stratosphers, From the circumstance that the surface pressure is more
closely correlated with stratospheric air density than with ozone,it may be concluded
that troposvheric processes exert a direct effect on air density in the stratosphere,
vwhile their influence on ozone is secondary and is realized through this intermediate
link., In accordance with this empirical fuct, in the scheme being expounded the
dynsnmic effect is directly reflected in the air density in the lower stratosphere;
and the change in the amount of ozone is the cecondary effect.

The changes in ozone concentration are slightly out of phase,i.,e,, later in time

compared with the changes in surface pressure, This is as it should be, considering

-
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that the perturbation extends upward, from the troposphere, and not in the opposite
directlion.

Inasmuch as the horizontal flows of air usually predominate and, owing to the

general circulation, the air masses in various layers flow in different directions
and with various velocities, the actual distribdution of the motions in the dynamic
perturbations will be much more complex than in the afore-surveyed scheme of a
nonstationary cyclone,

Let us sum up the foregoing statements. The constructed dynamic model of a
nonstationaery cyclone (anticyclone) has made it possible to calculate the distribution
of pressure, temperature and wind at various altitudes and the changes in these
elements with time. Calculations heve given a satisfactory agreement between theo-
retical and e—merimental data. It': was found possible to show that over a tropospheric
dynamic perturbation (cyclone or anticyclone) there exisi;s, in the lower stratosphere,
a dynamic perturbation that iIs opposite in sign (anticyclone or cyclone).

Ths, there was also proposed a possible scheme of dynamic disturbances in the
upper-air layers (up to the altitude of 200-300 kilometers), verified by various
observation' data, This schemes explains the mechanism of the action of tropospheric
dynamic processes in the upper layers.,

Further, it should be assumed thet the disturbances, according to this schems,
mey be transmitted not only upward from below but also in the opposite direction.

Actually, let, e;g., supplementary werming take place at the altitude of 50-60
kilometers (layer D in the ionosphere). This warming will lead to an increase in the

intensity of the anticyclonic perturbation at that altitude. In view of the continuilty

of horizontal flows at the boundaries between the layers of the scheme, the obtained
impulse will reach the troposphere and cause an increase in the intensity of the
cyclone, i.e., provoke an additional decrease of pressure and temperature at the

earth's surface, Under the same conditions, the tropospheric anticyclone becomes

less 1ntensé, i.e., pressure and temperature at the earth's surface will likewise

decrease, Obviously, in the troposphers, supplementary warming at the altitudes of

-Te-
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200-250 kilometers (F-ionospheric layer) will bring about analogous effects.

If, however, the supplementery warming takes place at altitudes of 100-130
kilometers (E-ionospheric layer), then, in case of & tropospheric cyclone, this will
lead to 2 reduction in the intensity of the entire system of perturbations, i.e., to
an increase in the pressure and temperature at the earth's surfece. In cese of a
tropospheric anticyclone, there will be an increase in the intensity of the entire
system of perturbations, i.e., again an increase in the surface pressure and temperature,

The sources of supplementary thermal effects may be external - primarily, the
ultraviolet end corpuscular rediation by the active regione of the sun. It is known
that the wave radiation by these areas is absorbed in the D layer of the ionosphere,
while the corpuscular fluxes provoke an anomaly-type ionization of the F layer (iono~
spheric and magnetic storme) and polar auroras at the altitude of the E layer.

If the absorption of ultraviolet and corpuscular radiation in the. D, E and ¥

layers is associated with the warming, then, according to the afore-described gcheme,

the solar-activity eruptions should lead to an intensification of cyclones and
weakening of anticyclones; and only in the high latitudes can the polar auroras be
accompanied by an intensification of anticyclonic activity.

A number of experimentally established fects corroborates this conclusion.

With an increase in the index of sunspot frequency (characterizing the intensity
of corpuscular fluxes), there is an increase in the number of intense cyclones end
a decresse in the number of intense anticycl;mes (L.A., Vitel's),

Magnetic storms are an index of the penetrations of corpuscualr fluxes into the
terrestrial atmosphere. Therefore, according to the scheme above, there should be
a definite relationship between magnetic storms and the surface pressure: on the
days of nagnetic disturbances the pressure should decrease (the same applies to
temperature). Actually:

1., The intensity of cyclonic circulation at high latitudes increases during
very strong magnetic storms, while that of anticyclonic circulation, decreases.

During magnetic storms an explicit weskening of anticyclonic circulation can be

~T3-

-~
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detected over Siberia (L.A. Vitel's),

2. On ths days of magnetic disturbances the pressure in the regions of the
(Northern) Arctic Ocean, Iceland, and West Siberia, decreases two to four millibars
(according to observations for the years 1946-1951). The same occurs elso in the
Braunschweig region (observations for the 1884-1351 period; data by Kerre).

3. The temperature in Washington (D.C.) during the week following a [magnetic/
storm is on the average 0.8 degrees lower than during the week preceding the storm,
and on the very day of the storm, it is 3 degrees lower (Abbot's data for 73 magnetic
storms during the 1923-1946 period).

Polar auroras are accompanied by arctic invasions, i.e., by intensification
of anticyclonic activity in thewlar latitudes (P,P. Predtechenskiy).

Attention should be turned to the following: on the first day of a magnetic
disturbance, the critical frequen;:y of the F layer, and hence also its ionization,
decrsases, The corpuscle fluxes can only increase the ionization. Therefore, the
observed decrease in critical frequency is caused by other processes; this may be
an intensification of divergent currents or a weakening of convergent currents
postulated in the scheme under the influence of corpuscular fluxes.

The scheme of baric perturbations now being reviewed: is not the only scheme
based on vertical stratification; but also schemes of the general circulzation in
the upper layers as proposed by various investigators are analyzed in a vertical
direction in which the rotations of the circulation in layers above or below each
other are opposite.

Obviously, the breaking-down of dynamic systems, in a vertical direction
asgociated with the presence of planetary layers of temperature inversion in the
atmosphere, must be a characteristic peculiarity of atmospheric circulation.

The cause of certain peculisrities in the changes of the earth's climate is
considered by many investigators to siem from the effect of solar activity on weather
processes, which effect extends also to the heat processes in the atmosphere by

causing not only the warming or cooling of individual portions of the terrestrial
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sphere but also fluctuations of such a planetary thermal characteristic as the
temperature difference between the equator and the pole. Climatic changes caused by
the sun may be both comperatively brief (change in the duration of the cold and
warm seasons during the ll-year cycle of soler activity) and of geological duration
(glacial periods). Inasmuch as the ultraviclet and corpuscular radiations of the
sctive regions of the sun affect directly only atmospheric layers situated at alti-
tudes above 60-70 kilometers, solzr activity could not influence the processes in

the troposphere without the existence of a certein transmission mechanism, The

presently assuned transmlssion mechanism is one of the possible links betwesn the

" effect of the active sun and the hydrothermodynamic processes in the atmosphere,
and it mekes possible to provide the physicel basis for certain variations being

observed in the horizontal heat exchange and zonal thermal field of the atmoephere,

—. . = 3 kA
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Temperature Distribution in the Troposphere
The problem of investigating tropospheric temperature was first correctly
set-up by I.A. Kibel! /T5], who exarined not only the radiation but also the turbu-

1ent transfer of .heat, Before him, an attempt at improving the results obtained by

Emden through taking into account the vertical fluxes was made by A.A. Fridman [}—9:/ .

For the problem of the mezn annual temperature distridution in the atmosphere,

examined by I.A. Kibel!, eq. (4) assumes the following form:

2=0,
in which,

a.—_-:divR—divP, (40)

where R and P are the radiation and turbulent fluxes of heat, respectively.

Kibel' wrote the equations of transfer according to the Schwarzschild-Emden
scheme (12), (13), and (20), i.e., for Mgrey -body" radiation with o and d. absorption
coefficients for the long-wave and short-wave portions of the spectrun, respectivoly,
extending only in the vertical direction (a‘bsog‘bing substance: water vapor, with
density ' 9)°
94 _ai(A -fE) ' (1)

z

P—w(fE—Br (42)

os_ h
o =P , (23)

where z is vertical coordinate,

The only difference from Schwarzschild's scheme consists in that Kibel! irtroduces
into the consideration the factor f , according to Gul'bert [H-ulbert 1-/, which ta.kes'
into account in a very approximate manner the circumstence that waler vapor does not
radiate as a "gray" 'body;f is a function of temperature,

The following boundary conditions are assumed for integrating egs. (41) - (43):

Z =00
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/s
i.e,, only solar radiation approaches the boundary of the atmosphere from a,w’.;

S=W i

I
v T T

vhere W is the quantity of solar energy absorbed by the earth-atmosphere systemn, the
calculation of which requires the consideration of the reflection of solar rays from
the atmosphere, clouds, and the earth's surface,

When z = O

B=q£’ ' (us)
- 1

where q is a parameter taking into account the circumstance that the earth's surface

does not radiate as an sbsolutely black body.

If we examine only the vertical turbulent heat flux, then

dvP=—2n3 "T (u7)

i. — - -

It is assumed that the turbulent heat flux is propcr'ciona.l to the absolute
temperature gradient in accordance with Ertells scbeme, l —1is the coefficlent of
vertical turbulent heat conductivity,

Eq. (40) may be written in the follwoing form:

2vi tapa+B- 2fE+?S)==°

in which

For tke integration of this ecuation, two boundary conditions are reguired.
select them as follows:

When z=oo, radiation equilibrium for mean anmial conditions

B=W, (49)

When z = 0, equation of heat balance

- e —_—t e o
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Here no account is taken of the heat loss into evaporation and heat fluxes into
the soil,
The g-coordinate is replaced by the variable ¢ (optical "thickness" of the

atmosphere for grey-body radiation):

<2
=z dZ.
t ;/ ap

Instead of temperature T, the function being sought here is £ == fsTv.
Yor a resolution of the problem we introduce the dimensionless values ¢, a, Yo

according to the equalities

\ .
fE=We, B+A=Wa, B—A=Wy.

-

Then, the derivation of eq. (u8) is reduced to the integration of the following

sxpression:

ay 8573, 8T
a—(H)y=—gae

at these boundery conditions:

=0 ym=1; ‘
Tz, y+-'f- -(%-—l)(l -l-fydv).
0

[o o]
y'- ‘!.-fG«PdZ-
o

]
.

The combination of parameters _g'_ is considered by I.A. Kibel'! to remain
L

constant with altitude, Further, Kibel! introduces the constant m :

L£Bf mi—1
T';"“ —g— = const.

[N

After determining y, we find the values of @ -and ¢ according to the following

formulas:

P — ———— ~ - -

a-l-{-jyd:; c’=%(l+‘/3ydt—z—:—).
[] N
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Latitude 420 was selected for a specific calculation of the distribution of
temperature with altitude, since it may be expected that in the middle latitudes the
effect of horizontal turbulent heat transfer is small., The following values of

pa.rameterl were assumed:

=175 % =115 W- 0, 138 calories/square centimeter-mimite

In order to obtain the la.st fig'ure the albedo of the earth-atmosphere system
was assumed equal to 0.7 on the average during the year.

The optical thickmess of the atrosphere 't ‘'was determined by means of Hann's

.

enmpirical law
Poe) 2

f «o2e Ty *;—dz

when 2== g x 109 centimeters=l. p, = 6.2 x 10‘6 grams/cubic centimeters, {.. w= Te25

To __ 280 '
gquare centimeters/gram, and 'ﬁ:;=m- This resulted in obtaining 1Te= 12,6

(the "OY gubscript indicates that the magnitudes of the corresponiing values are
assumed at the earth's surface).

(V)
The calculated formula for determining T has this form:

- [

fsT+=0,047 6,80 — 4 80e—°"+ 0,57¢~ "™ — 0,36¢' ™ *T12AN

Let us cite results of the celculation of T; for comparison, also given are the
actual mean values of temperature, based on data from radliosonde ascents for three

years (1938-1940) at Omaha (USA):

.

z kilometers - .03 0.5 10 20
70 calculated -~,.8 9 9 45
T actual - .81 91 89

T° corrected v

z kilometers .. 9 11 12 R o

M0 calculated . —265 —335 —i00 —450 —430 —520 —~530 —550 |

10 actual . —264 —337 —408 —47,15 —5235 =557 —517 —

m0 corrected
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The agreement bstween calculated and actuel ¢ate for mesn annual temparatures
ie entirely satisfzctory.

But in this orodlem far fror «il the factors lesermining the alr temperature, have
been taken into accourt, e.g., such an important cozponent of the tezt belance as the
latent heat of condensation (va.porization) in the asaosphers anl at the sarthts surface.
Therefore, the selection of the quantitative values of tre paraceters corsidered in
tkis provlem was found to e the only poscibla way of attaining a satisfactory agreasment

between calculated and experimental temperaturee, Thle refers even to parameters the

velues of :ich are concidered at present,as dstemizate For example, such an important
characteristic as ire albedo of the earth-atnozpl.are systen, was increased approximately
twice, while the mean valus 0f watsr-vapor ceasity on the carth'e surface was reduced

in half,

If i% is assunmed that D==0,41 anc p=13 a,/m)", siich is more walid, tren we octain

the distribution given above ir the T’correctea line (of the Omaha cata).

The combination of parameters '%:-'L 1likewise does not remain constant with aititude,

owing to the rapid decrease off, . E.R. Malkin showed Z’é-r? that, if the dictribution of
of |

water vapor censity is governed by an exponential law, then Tap % ¥.R. Malkin

provides a derivation of Xivel!'s differertial equation "-.'it?{ varisble coefficients which
he consldsrs prolxzartional to.-:- in the O.Q“t-<r°, jnterval, but he does not cite the
quantitative calculation. 0.5. Berlyand E’derives Kibel!'s equation by assuming that
'j%?:—sconst. in the Lroposphare and preporbional to _}_‘_in the siratasphere,
_. 1% s.hould. be noted that the Gescription of selective radietion processes in the
atmospr.ere by mearns of Hulbert's scheme with only two sbsorption factors is in itself
g0 Tough that it does not permit any hops of obtaining a correspondence.between tre
calculated znd the actual temperabtures, even if 211 the principal factors are teizen into
account end the parameter valuss are correctly assumed,

Moreover, Hulbert's scheme requires that boundary conditions (49) and (50) should

be written in the form of (1%0)_:”

B+ (1 —f)gE|, =W,

,0T ’
- a—z-A-{—S—-B—(l —f)qE; \

80~
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i.e,, they should be complemented by radiation from the earth's surface in the
vave-length, Intarve]l Sram & $0.12 microns,. en intervel transperent, to veter vapor,

since according to Hulbert's scheme

fe,dx-;-fs,a.—_-,fs,
] 2

0 8<AL12p
a A8p, 212

% ()

As for condition (46), it appears to be illogical end, as shown by M.I. Yudin
[F1], it should be written differently. If the earth is a "grey" body, then it
should reflect a portion of the back (counter) radiation, and the upward flux from

the ea.rtli‘ g surface will be

B=3E+4+(1—0)A,

wherola- is absorption coefficient for the earth's surface, Consecuently, the paremeter
:q in eq. (46) depends on botk the reflecting properties of the underlying surface
and the stratificetion of the atmosphere, Disregard of the latter relationship mey
lead to a contrediction with the condition of a radiant equilibrium when zZ=o0.
According to I.}...Xi‘oel', a very essential contribution to the solving of the
problem of the heat regime in the atmwosphere was made by Ye, N, Blinova E « She
succeeded in taking account of such a fundamentelly inportant factor as the horizontal
turbulent heat exchange stipulated by the temperature contrast between the pole and

the equator. Accordingly, in her problem, instead of (L47) we obtaln

,oT 19 g owdT

) -
divP——-—d—:l dz——agm—‘” o (51)

and eq, (40) will give the temperature distribution for the case of a purely zonal
circulation in which the meridional components of wind velocity are absent.

In eq. (51) 1=%°"—¢ (? 1is geographical latitude), g, 1s radius of the earth,
and)* .4sg the coefficient of the horizontal turbulent heat conductivity.

The equations of radiation transfer are written in the same way as Kibel*‘'s &gs,

-
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(41), (42) and (23). As a complement to boundary conditions (44} - (L4G) and (50),
1% 1o pasumed thet on the upper boundary of the atmosphere the temperatures along

the meridians sre smoothed out
=0 (52)

Inagrmich as the mathematical calculations of Ye. I. Blinova are of interest, we
shall cite them after complementing her problem by taking into account the quantities
of heat lost to eveporation of moisture fron the earth's surface and also agsoclated
with phase transforaations of water vapor in the atmosphere,

In order to take the first factor into account, it is necessary %to introduce
the following term into the left-hand pert of eq. (50):

— LK X=LF,
where L is latent heat of condensation (vaporization), F is evaporation during &
unit of time from a unit of surface, and k' is the coefficient of turbulence,

In order to take the second factor into account, it is necessary to introduce
into eg. (40), in addition to the radiation and turbulent heat fluxes, also the
condensational influx of heat, Let us assume that it is proportional to the density
of water vapor and is equal %o Lxp., where x is a proportionality coefficlent. The
procedure for determining % wiil be described later,

Thus, instead of eq. (48),we obtain

0T
e (A+ B+BS—2E)+2 A’g—{--‘;g—:m—o-‘-;"-smﬂl 8Tt Lyp=0. (53)

Instead of the vertical coordinate z, the dimensionless coordinate

introducad:

.
x=yg [ ez
! 3

which mey be called the reduced optical thickness of the atmosphere

o (o= _/p dz).

-F2=
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(41), (42) and (43). As a complement to boundary conditions (44) - (16) and (50),
it i3 assumed the% on the upper boundary of the atmosunore the tenperatures along

the meridians are smoothed out
T 0
o =™ (52)

Inagmich as the mathematicel calculations of Ye. I, Blinova are of interest, we
shall cite them after complementing her problem by taking into account the quantities
of heat lost to evaporation of moisture from the earth's surface and also associated
with phase transformations of water vapor in the atmosphere,

In order to take the first factor into account, it is necessary to introduce
the following term into the left-hand pert of eq. (50):

. —LKX=IF,
where L is latent heat of condensation (vaporization), F is evaporation during a
unit of time from a unit of surface, and k' is the coefficient of turbulence,

In order to take the second factor into account, it is necessary to introduce
into eq. (40), in addition to the radiation and turbulent heat fluxes, also the
condensational influx of heat, Let us assume that it is proportional to the density
of water vapor and is equal to Lxp , wharex is a proportionality coefficient, The
procedure for determining x will be described latsr,

Thus, instead of eq, (48), we obtain

_ 9 T\ 1 a0, , .

Instead of the vertical coordinate 2z, the dimensionless coordinate x is

introduced:

which may be called tho reduced optical thickness of the atmosphere

"

'(z;=j§¢pdz).

V]
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Obviously,

By transforming to variable x knd E, and by having designated

A+B—a, B— A—y; 9. =:;:;3s M="+7.'¢g”n

we obtain from (53)

_2 O
(@+ES—26)+ — Idxml—ldx smams""’ o+7=°' (54)

The equations of radiation transfer (41) - (13) and the boundary coriitions will

be written out in the Gesignations edopted as:.

(55)
(56)

(57)

vhen Xx=0:

(58)
(59)
(60)

S @ty dz=2 [ waz; (61)

. - (8) )
when x=1: |
y+ % —2(¢—1)E=0,
Y+t e =S
I_t is obvious from (57) ami (59) that

S=Wwe™¥*,

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/21 : CIA-RDP81-01043R004000180006-8




Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/21 : CIA-RDP81-01043R004000180006-8

In excluding from eqs. (54) - (56) the unknowns g and ¥, and in using (63),
we obtain tne following differential equation for E:

z 9IE L 2n%5 g i
smﬁ[

) 0E
m—Tox ox? oos‘""_“"oos’“oa‘u‘

6
—=B—pyte W (o

For the derivation of eq. (64) the *aurier method is used: the sought function E,
]
and the krown function 7 are represented by dissociations iuto series according to

Legendre's polynomials:
m

E (x, 9)- E ()P, (9),
(65)

w(e) =.§o w,P, () (66

Eq. (64) will be thus written for the nth hermopic of E(x, )1

2 d*E

A1 dd O[mz 1+M”("+1) .:xz'f‘

(67)
+Mn(n+1)E, - - —2=p(1 —p)le" W,

1

After having dissociated the functions S a’=a+-’-’ll and y irto series of form
’ a i e
(65) we obtain, analogously to (67)
S,=We (68)

2 d’E
a, = 2En m 4 +M’l (IZ+ l)b f’sn, (69)

24+ Mn(n+1)9E, 2 .
G~ o+,

y = —_—
s % ox 3 mi—1)

(70)

Let us write the boundary conditions for the nth harmonic:

When x=— 0

()
(72)

(73)

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/21 : CIA-RDP81-01043R004000180006-8



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/21 : CIA-RDP81-01043R004000180006-8

1 dy,
yn+_1; 'a_—2(q"1)Ea=o (T"*)

——

— )y dx S, A>0. (75) )

dE —_ =
y.+(m22 . Sq—LF n=0

Let us dwell in some detail on determining the zero harmonic £, (x)

After having integrated (67) twice we reduce the order of the equa.tiox;

1—p2)«2
;ﬁ_‘g&. —_ m’tﬁE. = (—2:)2(01’ — l)e""‘Wo-i—
L 7e)
+ ..4.°_ (m?— l)xf—{- 1x43.

wvhere 7and 8 are integration constants,

The derivation of (76) hss this form:

(mn

Ey=C,e* {-C,e™* + b, + Cix4-dyx? -+ dye= P,

Lad (m2—1),
- 4am? !

_a—mm—1
“="gE-m Vv

d= d] - m'%c.. T - —— m’fzc‘.

k = m't.,

In order to determine the integration constents Cy» Co» 03, and Cy, it is
necessary to employ the boundary conditions (71) - (75) when n = O.
Having substituted (77) into (69) and (70), we obtain
gy=— =2 (Ce* - Ce™) +2(C+ Cx) +

2 2 -
+2d, (x’— )+§€;-’—:t-‘)e .

T (mt—1)

(78)

__ _2m , —m 2 o
P i (Cie™ —Cpe "')+?.ch+%¢::+ (79)

i
v

Condition (74) by means of (79), lesds to the equality

2

IO
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Conditions (71) and (72) will yield (their sum and their difference is taken)
2 —-
~ =1 GO 2= {14 = W

89 (81)
et g

-1’

2 —
G-t C=Sh W,

mi —§?

From (75) we obtain
(FEr+a—1)Ce™+ (i +a—1)cem 4
H@=DGHCtd)— -2 (14 1) (83)
2(,,2_9, a=B(s+ L) w,

Since C enters into (77) as a mltiplier with e, Cy is small compared with Co

and C; . Hence it follows from (61) and (82) that

G= T A W — Lo (1 p)],

C"zw gy [ =+ SR v+

e =

From (83) we obtain

O g T | P 5
=

m

m . H
V omep, —p (agre-la-
—(q-l)(T'*':*—l‘*‘m(m‘f-u_ Rt " (8w

e m% —_m2 2
X W, {(1 mLF _ Lx(mi—1)
( +q-1) 2mi 2am?

_(q__)[LF(:l;‘—l)( )+L~t.m‘1—l( ——:,“7+—;§)]—

—(mg+qg—1)e "™ 27",-(11»2— l)(m'—l)( —-‘%‘)} .

Having substituted the constants found into (77), we obtain

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/21 : CIA-RDP81-01043R004000180006-8



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/21 . CIA-RDPO 043R004000180006-8

- e e v i

2 - e ] -
Fo=E, m—i—LF'—%ﬂTI-{ Ml g

1
m X g

N SRS papn 1

—(,.:l +q—l)

mi—1}1

+Lx—2_m—z— a

e—Mull=x) [1 g—1 (l % 'tg)
—_—— — S —— e | —
( T—l +'4-‘1) ¢ " 2

m .
—= (mq+q—1)€“‘-°’"'“]}~

<3 . 2 1 -
(-2)+2s-ge-lBe - (e)

- '

The first term in (85), denoted as E, o, &nd dependent on W, represents the

derivation obtained by I.A. Kibel'! and Ye, N, Ellnova,
The value of the proportionality coefficient x may be obtained from the

equation of water vapor diffusion, in which only vertical transfer is taken into

account
._—' — N =

by two different methods.

First, if p is assumed as given according to altitude, e.g., in the form of

x::k’b’.
Second, if evaporation F and water vzpor density £, are given for the earth's

surface, then
% ! F?,

Both methods for determining x give a magnitude of the order of 10'5 ninutes=le

Let ue clte the calculations of the vertical distribution of temperature

according to formula (85) for Latitude 35°N when F = 3.83 + 1077 centimcters/mimute,

iy

o
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I k* = 10 square meters/second; the values of the remaining parameters are téken Lrom

V' [A5] and [77: Ty is the temperature distribution obtained in 7.

05 15 25 35 45 60 80 90
84 279 2713 26 257 242 w7

244 252 252 250 247 242 233 225 222

As can be sesx from the date cited above, after the introduction of corrections
for evaporation and condensation, the scheme of I. A. Kibel' and Ye. ¥, Blinova, with
the paraneter values they selected, gives a temperature distribution greatly differing
from the actual distribution.

Here it is necessary to stress once more the impermissibility of using the model
of a "grey-body" atmosphere in those problems in which radiant heat exchenge must
be taken into account. This has been pointed out already by other investigators,
€.8e, in _!./§7 it was noted that Hulbert's factor £ 15; an essentially integral
value characterizing the mean absorptivity of the entire atmosphere; this value is
very roughly approximated. This can be ascertained by comparing the transparency of
the "zrey-body" atmosphere with that of the actual atmosphere. The factor"f= 0,6.
corresponds to average conditions of the atmosphere, Hence, it follows that the
1 -'— £ = 0. portion of the terrestrial radiation should go out into outer space,

Bot}ever, the actual mean {ransparency of the atmosphere is equal to 0.6, inasmuch as

Bo' \=qaT{=' 0.50 at T, = 266° and q = 0.9, B +(=T),= 0.317 when

["-_- 35 percent and I, = 1,91 calories/ square cenfimeter minute., Obviously, Hulbert's
scheme reduces the mean transparency of the atmosphere. It is readily explained

uow the nonselectivity of absorption distorts the fluxes of upward and downward
long-wave radiation., For this purpose let us integrate the equations of transfer

(41) and (42) at boundary conditions (U4) and (46), and let us calculate the ocutgoing
radiation of the atmosphere and the atmospheric back (counter) radiation at Latitude
4O%N for mean anmual conditions at the usually assumed mean characteristics of
“grey-body" atmosphere (j:= 0.6, a= 7.25 square centimeters/gram) and the actually
observed distribution oi: g' and T (see Tables 9 and 34). Here we will obtain Be=95

kilocalories/square centimeter year, whereas according to the most complete existing

-B8~
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G
D

rediation diagrams, 13:;‘= 160 kilocalories/square cecticeter yeor, Cons:.ac_uer.tly, the
conventional model of "grey-body" atmosphere diminishes the outgoing radiation cen-
eiderably, As one should expect, the transparency of the "grey-body" atmosphe.r'o -
amounts to_-f %%2 = .O.lt algo according to these celculations. In order to increase
the outgoi:‘ng~radiation it is necessary to base the calculations on temperaturs
values artificially higher than the values being observed et all levels of the
etmosphere. The mean anmusl value of back (counter) radistion for the Hgrey-body!
atmosphere at Latitude UBO°N is A, = 155 kilocalories/square centimeter year, There—
fore, the effective radiation of the earth's surface under these condition is By =
4o = 260 — 155 = 105 kilocalories/square centimeter yeor, whereas according to
Evfimov 18/ and T.G. Berlyand [10/it should amount to 50 kilocelories/square
::entimeter year, 1If the sele;:tivity of atmospheric absorption is not taken into

account, effective radiation is distorted so ac to be increased in our exasmple, thie

radiation is twice what it should be and differs iittle from B

» whereas it should
be approximately three times less than Boe

Hence,it can be seen that the model of the "grey-body" atmosphere actuelly
does not provide an opportunity for determining the correct distribution of temperature
and fluxes of long-wave radiation, and therefore, it cannot be used,

A more accurate account of radiation fluxes irn Kibel''s scheme was obtained by
F.N, Shekhter L'@. In describing the selective processes she chose the Ambartsumyan-
Lebedinskiy method @ » which at the present time should be considered as the most
satisfactory from the view point of accuracy and simplicity.

The idea of the method of V... Azbartsumyan coneists in that the integration
for all the wave lengths A is realized by these two procedures:

(1) 1Integration for the wave lengths A, the absorption coefficient of which
lies within the “<&1<."~+d’.; interval, and

{(2) 1Integration over all dq's.

This method was further developed by A.I. Lebedinskiy and applied to the exami-

nation of the radiant equilibrium of the earth's atmosphere Z2E7. Lebedinskiy

-89~
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introduced the @ (s, 7) -function, representing that portion of the total black-body
radiation in the wave length range for which el <a+de ., This portion depends
both on the absorption coefficient and on the enitting-body temperature T. Lebedinsidy
yroceeded from approximate equations of the transfer of radiant energy: diffusivity
was taken into account by increasing the absorption factor of parallel radiation 1.6
times. Moreover, Lebedinskiy examined only one absorbing substance - water vapor.

F.F. Shekhter extended the applicability of the Ambartsumyan-Lebedinskiy method
to the cage of an accurate composition of the equation of the transfer of radiant
energy (5), by teking into account that two absorbing substances - water vapor and
carbon dioxide - participate in radiztive proceszes. In order to obtain total radiation
fluxes from (5) it is necessary to complete three integrations:

(1) Por all wave lengths (consideration of selectivity)

(2) Por all directions in space (consideration t;f diffusivity)

(3) Por 211 clementary layers composing the finite layer, the radiation of which
is being calculated.

The scattering processes were not considered, because the condition of local
thermodynamic equilibrium is assumed to be valid.

It should be noted that the influence of diffusivity on temperature was examined
by Peygel'son 537 » although only for the case of grey-bod‘y radiation, Hence, she
obtained, at all altitudes, temperatures that were 5=10 degrees higher than in the
aata cited on page 60 (T° calculated).

Let us describe briefly the fundamental stages of the derivation of the equation
of the transfer of radiant energy according to F.N, Shekhter,

Eq. (5) assumes the following form with respect to upward- and downward-directed
fluxes of monochromatic radietion in the Presence of t¢wo =bsorbing substances
(E20 and CO,): ‘

(ll

7= (2o afe.) (s — IL1), (86)

d l —(alP-'l-c‘p,)(lm _‘x)' (87)
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P AR

Hers ‘Iﬁ_)c. l(x?)l._' is the intensity of radiation energy of the wave length k
propagating upward (or downward) in a direction forming an angle 8 with the z-smXxis;
5n is intensity of the monochromatic radiation of an absolutely black body! ¢ and bc
are densities of H,0 and COp, respectively; and al and  of | are the respective

coefficients of absorption,

Generally speaking, the absorption coefficlients depend on altitude by way of

temperature and pressure, The temperature relationship is ignored in view of its

insignificance, while the influence of pressure 1s teken into account by introducing
the }/;’:-. factor, where px is the pressure at which the values of the absorption

coefficients were (experimentally), determined,

If we introduce the effective coefficient of absorption- a, and the effective

.

umidity n according to the formulas ’

2.

cxna{—}-a{ » *

o
— L2
-l E

then eqs, (86) and (87) will be rewritten as:

m
cos 6 ',',,‘,'.‘ = (a— )

dl, .
cost Gt =, (I —5).

Let us add here the equation of solar energy transfer

cos® % =qS§,.’ (92)

The set of eqs. (90)-(92) is derived at these boundary conditions:

m=0 (z=0) [N=i,+(1—3)IP, (93)

—_—— 4

m=M (z=oo). IM=0, Sx¥3;: L (94)

0

Condition (93) assumes that the tenmperature of the earth's surface and of the

atrosphere immediately above it are equel, and that, with regard tc long-wave radiatSTAT

~91-
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the earth may be regarded as a "grey"™ body with an absorptivity 8.' reflecting rays
as a smooth surfece., Condition (94) assumes that only the flux of solar radiation
is present at the outer boundary,

Purther, according to Lebedinskiy, there 1s introduced the q(.a, ) =function
for long-~wave radiation and, analogously, the * n(s, 7)-function fo;' short-wave

radiation which satisfies the condition

m-, dam=1,
:/'(.7) 1

o~

(-] o
o i S OVRERTERES

Egs. (90)-(92) and the boundary conditions (§3)-(94) are integrated for the

wave lengths the absorption coefficients a« of which satisfy the condition

s

aLle, < a+da, (95)
Then, they are thus written:

ait}

dm

cos 0 =a[o(e, m) e— Y], (96)

cos.i:;—"f-sa (I3 —w (2, m)e], (97

(98)

L

; I =30 (z, 0) 24 (1 —3) /P when m=0, '(99)

=0, S =u(z, M)S, when m=M. (100)

After deriving eqs, (96) and (97), determining the integration constants from

conditiors (GS) and (100) and the corversion froo radiation intensities to radiation

fluxes according to the mown formila

T
R =2« f 1, , cos8sin g 40
L]

-92-
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~ —
A L 0l Bttt .. <t S . e .t S L et e S

‘

(which yields E'=exs for radiation by .n absolutely black body), we obtain

. oM 2 -
Am=2 [ o) E@ds [ ™" = sinods, (101)
- ) ’

- T mes
B (m)=2 6/' aw (a, <) E (1) ds f e " < 5in 00 -
(5]

3 e

M
+20-3) [ (s, 1)5(1)41‘/' £ "o sin g9 -
[]

.o T em
+ 20 (a, 0) £(0) f e oV 5in20a0.
b

(102)

Eere are introduced the standard meteorological designations A end B for the
respectively downward-and-upward-directed fluxes of long-wave radiation. A, end

B ere fluxes satisfying condition (95).

Into expressions (101) and (102) Gold's function is introduced in accordance

with the following relation

R
Hyipey =1 f e co's cos’ B sin 80
k; o

after which, these expressions assume the following form:

M
A, (m)=2 f aw (, t) £ () Hy [a (x — m)] dx, (103)

B'(m)—26f aw (e, <) E (<) H, [e(m — ] de4

M
+2(1—a)fm(a, 2 E(X) Hy [a(m + 9] de+

—+ 28 (g, 0) E(0) Hy(am). (104

Inasmuch as -

(o] (o] ’
A= [ Ads, B=6/' B.ds (105)
4]

2nd. ~ and r are indeprcnisnt zoriables, we obtain the followling expressions for

-93-

= e e e T S e it e

014/03/21 : CIA-RDP81-01043R004000180006-8




Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/21 : CIA-RDP81-01043R004000180006-8

total fluxes:

5/' 2ao{s, <y My {a{c —m)} da, (106)

© !

B(m)=f E(‘t)d‘ta/' 2z (a, ) H, [2 (m — <) da+
: .

M [} !
+0=3 [ E@ds [ 250, %) Hy 2 (m+) da +
] ]

® .
+-3E(0) /' 2w (a, 0) H, (am) d. (on

Owing to the great distance between the sun and the earth it may be assumed

that direct solar raiiation passes through the atmosphere in parallel bands of
rays, Therefore, the integration of (98) for m and 2 ylelds under the second

condition, (100):
o0 M-

Sm=5, [ n@ me o

; (108)

By definition, the transparency function D(u) is equal to the ratlo of the outgoing
flux R from a layer of h thickness to the incoming flux R, into that layer (u=ph
is mass of absorbing substance in a columm with a unit cross-section perpendiculer
to the emitting surface).

If].‘o‘ iis the total intensity of radistion (summed up for all wave lengths) in

the direction of .G. of isothermal plane adjacent to the homcgeneous layer of the

absorbing substance with & thickness, "k, then the total incoming flux Ry entering

that layer will be

x -

32 . :
Ry=2x [ I, cosbsin8ab. - (109)

Q
The magnitude of the toial outgoing flux will be obtained if we substitute the

initial intensity Io4 ir (103) by the intensity weakened es a result of absorption,

I 0 ° The elementary weakening of intensity I, A 88 a result of passage through an
£

absorbing but not emitting medium along a direction r, forming an angle § with

the direction of the normal h, will be

R

|
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——— .

d’u = ﬁP’o,x dr,

sdh

dl'.l = ’lli-l cos ¥ !

-

After integrating this expression for h and 4).,-we obtain

— 2t
1,=_/' Ly, 2o,

[ -

Therefore,
T

[
-
Jya28 ¥ cosBsinBdb,

whence

’ I,y cos Osind e

For the case of an ebsolutely black emitting surface, formla (112) is simplified.

Inasmichk as emission intensity =, for blecs bodles is independent of the direction

g, therefore, momochromatic flux E,==e, end total flux E=re

In substituting E,, and = for lo,;,x #nd Iy 4, respectively, in (112), we obtain

hd
© T
/'L’u ).‘ﬂf e 2 cososin0ad
0 0

0 (113)
D(u)= -

Eg § cosbsin 048

[oo]

D=4 [ Eosth(s8) @

0.

For parallel radistion'(#=0)
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3 o e i s _

D)= [ Ene™a
T _

The transparency functions for diffuse (propegating in all directions) radiation

D(n) and parallel B(u) are associated by the following relationship

D(u)=_/? D<=y )sin20ds. (116)

cos®
|
After having used the afore-rnentioned Ambartsunyan-Lebedinskiy integration method
for (114) and (115), we obtain

* 1
pw=2 [ v NHsds, o)
[+]

!
©

D= [ s Nedx (118)

therefore
(o o]
D' () =—2 f aw (2, T) Hs (3, v) da. (119)
1)

In (117) and (118) the author discards ‘the relationship between the transparency
function and the temperature of the emitting layer. The reasons for this omission

will be explained below,

The %iransparsncy tunctions for the fluxes of radiation from an absolutely black

surface can be used to write expressions (106)-(108) in 2 more simplified form:

M
Am=— [ D(:—mEwd, (120)

B(m)=—j' D'(m —<)E(x)dr—
0

M
—(1 -s)‘_/' D’ (m <) E (<) dx 43D (m) E (0), ;
0. ’
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Nled  mes e B e

; S (m)=SoU.'(c—;-.'!-)¢°=°- ,-' (122)

vhere -’FS is a function of the penetration of solar radiation, ;
Inasmuich as accurate analytic formulas for the tramsparency function are not
availeble (instezd, they are usually given in the form of graphs or tebles), it is

expedient to integrate (120) and (121) partially: _ '

" ”

B (m)=E(m)—(1— NDEMDM+4m+

' ' s r dE
-. +a-% [ D(z+m):-§d:—6/'u(m—~,)7;dz. (o)

NYow the problem consists irn setting up functions of the peixetration for atmospheric

2 by ey

and solar radiations on the basis of experimental data pertaining to parallel radiation

fluxes. The method of constructing the D(u) for water vapor is described in detail

in@o

Absorption by carbon dioxide is significant only within the range of 13 to 17

1
|
!
|

rpicrons. In order to teke this into account, the penetration function should be

written in the following form:

13 - lz ’
D4, u) =4 lfl:‘,e"‘ “d [ Ee~To % a4
{1} 13

a.
|
|
|
.,3

SR

. +j°£,e"'1" dx].

_"‘

g
[Ee dh

B4, u)=Dyow) — Dbl +DE B, (120

T

— e

ko EL ZHTA"

Sy
fodstinms pullobet

inasmch as in the 13-17 micron range the azbsorption lines in the water-vapor spectrum

S| e

a..re weak and the penetrstior in it will be represented with sufficient accuracy by
the exponentisl law (u; is quantity of carbon dioxide on the peth of the ray).
The integral in the lest term of (126) may be expressed dy the function of the

absorption by cerbon dioxide of the total black-body radiation ‘Kcoz in the corresponding

renge of wave lengths, STAT
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17 ¢
f Ee™ d=E (b — Ao,

- o . ——rp———e— —

- N R
lfs,n —‘j Eye~% ljb;e e o
13

13
Aco= E = — E .

In substitating (126) into (127) we obtain

D (u,8,) = Dy (8) — D} () Aco, - (129)

The Ic,oa (ue) function was constructed by Méller ﬁ}j on the basis of experimental

data.

In orda.r to express (129) ® jable - effective mmidity m - there
has been established a relationship between the effective humidity and the effective
quantity of CO2 in the atmosphere (associated with each other by baric pressure p,
i£ it is assumed that the relative concentration of COp is independent of altitude).

The graph of the FHaO + €02 (m)-function is satisfactorily approximated by the

formula N
, Dm=Qe " +Pe',

Where @ = O.UT1; q = 0.54; P} = 0.529; and p = 6.94.
In substituting the thus found D(m) into formula (116) we obtein the transparency

function for diffuse radiation

D(m)y=QH,(qVm)+PH, (sVR). (130

shere Q = 1.88l4; g = 0.54; P = 2,1165and p = 6.94

In the determination of the transparency function for solar radiation, its
weakening is tsken into account only with respect %o selective absorption; scattering
and nonselective absorption are ignored. Of the numerous empirical formilas providing

& reiationship between sbsorbed solar radiation W and the quantity of weler vapor in
STAT

)
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the atmosphere u, the following formula, derived by V.6. Kastrov [_T_Ej, was used:
¥ = 0.156u -294 calories/square centimeter minute,

1f solar radiation at the upper boundary of the atmosphere is W,, thea

D, =", (131)

whence

D,(my=1—v,

where v = 0.08l; 3= 0.294 when Ig = 1,91 culories/square centimeter mimte.

A certain limitetion of the transparency function so~-obtained is the ignoring
of its relationship to the temperature of the radiation source.

In effect, it follows from the definitlon

zob‘”e"‘\"dl
D (u)= E;

that D(u) is independent of the temperature of the emitting substance T only for
norev-body" absorption, This does not apply to selective absorption in the atmosphere,

A change in the temperature of the emitting body cau'ses a displacement of the

energy distribution curve in the radiation spectrum of an absolutely black body,

according to Wien's law. However, the knovwn experiments and calculations lead %o
only & qualitative conclusion about the decrease of absorption with an increase in
the emii:ting body temperature T, which is inadequate for obteining the quantitative
characteristics [20/. Moreover, absorption increases with an increase in temperature
owing to the increase in the intensity of the absorption bands. These two processes
compensate each other %o a major extent. In any cace, the difference in both corrections
lies within the limits of the determination of radiation fiuxes in the atmosphers.

With an increase of pressure and & decrease in air temperature, the individual
absorption bands in the spectrum increase in their half-wid.thl in which connection

the integral intensity of the line remzins unchanged but its form (contour) does vary.

1 Half-width is the name used for the distance from the center of the line at which STAT
its intensity decreases by half,
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As a result, with a decrease in pressure, ebsorption increases more in the center of
the line, whereas on the line flanks the a, may even decrease.

Yor different wave lengths the transition from absorption in line center to
absorption on line flanks occurs with varying thicknesses of the layer of the absorbing
substance, owing to the extremely great differences in their absorption coefficients,

Phis leads to a complex combination of the processes of increase and decrease in

absorption with variation of alr pressure. In a laver of sufficient thickness the
decrease in pressure leads to a decrease in absorption. But theory and experiment
provide differing quantitative characteristics of this relationship. It follows
from the majority of experiments that the absorption coefficients for HyC vary
proportionately to '\/- . Lorentz's theory of the expansion of spectral lines during
collisions establishes a relationship between the absorption coefficient and the
first power of pressure p., Goody assumes a proportionality to p with respect to CO,,
ng'/ . With respect to Ho0, MoLler assumes & more complex relationship with p [(;5/ .
Therefore, the relationship between k)\ and \p as assumed by Shekhter for both
absorbing substances - H50 and COp - is not convincing.

The works of S. Ye., Kuznetsov [_51. 22'/ occupy a special place among the studies

|
|
i
|
|
a

determining the temperature of the earth's atmosphere. In his works, attention is

focused chiefly on a thorough theoretical investigation of the processes of the

2R R b KRR

radiative transfer of heat. FKuznetsov has developed methods of integrating the

TR

LT

equations of transfer, by taking into account the influence of horizontal surfaces

of discontinuity, the albedo of clouds and the dissipation of radiant energy. However,

so far quantitative calculations were made solely for a tzrey-body" atmosphere
characterized by one or two absorption coefficients. This is due to the unwieldiness

of the developed method of calculation.

® 50-Yr 2014/03/21 : CIA-RDP81-01043R004000180006-8
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Climatological Studies of the Heat Balance of the
s

Atmoephere, The #arth's Albedo.

The solution of the problem of the ‘hermal regime of the atmosphere is closely
related to the investigation of the v.rious components of heat balance at the earth's
surface, The income - outgo therwal processes walich are determined by these charac-
teristics of the balance, by being decisive in many diverse manifestations of physical-
chemical and biologicel life on the earth, also are responsible for certein fundamentel
spatial end t.emporal features of the temperature field of the atmosphere. Therefore,
the equation of heat balance is employed &s a boundery condition in all theoretical
problems regarding the determination £ the temperature of the atmosphere,

Some of the components of the heat balance ineclude the sought-for function -
temperature of the at;nosphere 7 (effective radiation, turbulent heat flux), and
therefore, generally speaking, they can be determined directly, theoretically together
with T, The remaining components - heat losses to eveporation and heat flux into
the soil - should be given (& priori) if the treoretical problem of the heet exchange
in the atmosphere is not resolved in conjunction with the probdlenm of moisture exchange
and of temperature distribution in the soil. Tr. neat-balance characteristics are
thus necessary for verifying the reli:a’bility ¢ the theoretical calculetions of
temperatures, an. in addition they may be assumed s parameters for the appropriate
research problems. Hence, the distinct importance of developing and perfecting the
methods of both the direct, experimental measurements of the heat balance and the
jndirect determination of the components of thet balance by meens of large scale
obscrvationsl data for the principal meteorological elements.

The problem of investigating the heat balence of the earth!'s surface was set-up,
first by A.I. Voyeykov (188l), Subsequently, S.I. Savinov and V.V. Shuleykin made a
majgr contribution to the advancement of climatological research in the heat balance,
Perticular attention has been turned to this problem in the last 10-20 years,

In particular, the (I.A. Voyeykov) Central Geophysical Observatory hed completed

in 1953 a climatological study of the heat balance of the earth's surface, the STAT
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— R B -t

P e £ TR Ty

Declassified in Part - Sanitized Copy Approved fo Release @ 50-Yr 2014/03/21 : CIA-RDP81-01043R004000180006-8




Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/21 : CIA-RDP81-01043R004000180006-8

purpose of which was the perfection of methods of computing the camponents of thst
balance and of cox;xpiling appropriate charts and the corresponding mep for both the
sea and lend surfaces /10/. In these studies, special attention was given to the
development of methods of independent determination of all components of the heat
balance, for evaluating the accurscy of the completed calculations according to the
completion of the equation of balence ﬂ.

As a result, it was found possible to plot, for the first time in the world

literature, the following meps of the components of the radiation and heat balances:

(a) Total radiation on the earth's surface - monthly and anmial charts or maps.

(b) Radiation balance of earth's surface - monthly and annual charts or maps,

(c) Heat losses to evaporation - annual map for land surface and monthly charts
for ocean surfaces.

(4) Turbulent exchange of heat betwsen the surface interfaces (underlying surfaces)
and the atmosphere - annual mep for land surface and monthly charts for ocean surfaces.
(e) Annual chart of the quantity of the heat received or lost by the surface

of the oceans, in connection with the effect of sea currents,

Altogether, a total of 53 charts and maps of the components of the radiation and
heat balances were plotted.

Let us dwell very briefly on the methods employed in determining the components
of the heat balance in plotting these charts (meps) by referring the reader to articles
[10/, [TI] for further details.

The equation of the heat balance of the surface interface (underlying surface)

wes written in the following form:

R4 LF4+P+U=0 ' (132)

Here R is the radiation balance of the surface interface (underlying surface);
LF is loss of heat to evaporation, P is turbulent exchange of heat between the under-
lying surface and the atmosphere, and U is exchange of heat between the underlying

surface and the underlying layers.

In connection with the form of equation adopted above, all terms in the balamSTAT
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g

(which yields E'=xxe foT radiation b;/m absolutely black body), we obtain

. oM T em
A m=2 [ o YE(ds [ e = sinods, (101)

| . f ] ]
k) ]

- 2
B,,(m)=28/' an (g, 't)E(t)dtf & 5in8d0 +
(1]

x
3 -+

M
+20-3 f am(a,t)E(t)ds[ € " oV sin 98 +
L ]

. (102)
. T om
+20(a, 0 E(0) [ & T sin2000.
[ ]

Here are introduced the standard meteorological designations A end B for the

respectively downward-and-upward-directed fluxes of long-wave radiation. A, and

B, are fluxes satisfylng condition (95).
Into expressions (101) and (102) Goid's function is introduced in accordance

with the following relation

a

2 __4
Hisper =1 fe co™s cos’ 0 sin 840
1 o

(>0, B>—-Qa+1, ¢>0

after which, these expressions assume the following form:

M T )
A (m)=2 f an (a, <) E (¥) H, [a (s — m)] dr, (103)

B, (m)= 2[ aw (g, 7) E () Hy [a (m — B de-+

M
4201 -3) .[ .am(u, <) E(x) Hy [a(m + ) d=4-

4 2% (a, 0) £(0) Hy{(am). (104)
Inasmuch as .-
A= mA de, B= [ B.de (105)
J pe 2= f

and’ o, and T B&re independent varisbles, we obtaln the following expressions for

STAT
-93-
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M ©
A(m) == f E () dr f 2ae (a, <) H, [a(x — m)] da, (106)
- o i

o o]

8(m)=f E(')dfaf QW(a.t)f',[’(m—'-)]d“'*‘.

M =) '
+0=¥ [ E@ds [ 20,9 Hy [z (m+o) da +
1] 0

[ |
+3E@©) [ 2u(s, 0) Hy(am)ds. (o)
o . .

Owing to the great distence between the sun and the earth it may be assumed

that direct solar railation passes through the atmosphers in parallel bands of

rays. Therefore, the integration of (98) for m and z yields under the second

condition, (100):
(o)

S(m=s, [

0

M-m
k] (B, m) e Wda. (108)

By definition, the transparency function D(u) is equal to the ratio of the outgoing
flux R from a layer of h thickmess to the incoming flux R, into that leyer (u=P"
is mass of absorbing substance in a column with a unit cross-section perpendiculer
to the emitting surface).

if I.‘o_| |is the total intensity of radiation (summed up for all wave lengths) in
the direction of 8, of isothermal plane adjacent to the homcgeneous layer of the
absorbing substance with a& thickness, " h, then the total incoming flux Rg entering

that layer will dbe

x -

¥l i :
R,=2r f I, 4 cos Bsin 6 db. - (109)
)]

The magnitude of the total outgoing flux will be obtained if we substitute the

initial intensity Ioe ir (103) by the intensity weakened as a result of absorption,
Ig . The slementary weskening of intensity Io,;\ as a result of passage through an
abgorbing but not emitting medium along a direction r, forming an angle @ with

the direction of the normal h, will be

—_— -
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After integrating this expression for h and 4l we obtain

(o] -

ot
h=f Ly =Ta.

Therefore,

whencs

" Iy ycosBsinbat

For the case of en ebsolutely black enmitting surface, formila (112) is simplified,
Inasmuch as emission intensity e, for blecz bodies is independent of the direction
9, therefore, monmochromatic flux F,=re, end total flux E=me,

In substituting F,, and = for ]0,9..1 #nd I », respectivel}, in (112), we obtain

=
o T s
/l E,, lkor e 2 cosdsin0al

D (u)="1 u (213)

Ey | cos6sin0d8

o
Dw=% [ EoHi(mx)d
0.

For parallel radiation' (8=0)"
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The transparency functions for diffuse (propegating in all directions) radiation

.D(u) and parallel B(u) are associated by the following relationship

cos @

D(u)=_f5( & )sin20d6.

After having used the afore-mentioned Arbartsumyan-Lebedinskiy integration method

for (114) and (115), we obtain

(o]
pw=2 [ vt NH@ds,
o

o
- E(u): [ ofa, T)é’—“di. |
e e 2 B !
Since
dH _(x)
‘.X(\ = —0g (X),
therefore

[ o]
D’ (u)==—2f aw(a, T) Hj (2, u) da.
0

In (117) and (118) the author discards ‘the relationship between the transparency

function and the temperature of the emitting layer. The reasons for this omission

will be explained below.

The iransparsncy tunctions for the fluxes of radiation from an absolutely black

surface can be used to write expressions (106)-(108) in a more simplified form:

M
A(m)=—fD' t—m) E (<) dv,
B(m).—_—_/' D' (m —1)E (x)de—

[1]

M
—(l—a)‘f D’ (m <) E (x) d< 43D (m) E (0), i ,
0.

o
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—t S(_m)=S.D','(%)cosb. I"

where "ﬁ; je a function of the penetration of solar radiation. E

.

3
P

Inasmch as accurate apalytic formulas for the transparency function are not
evaileble (instesd, they are uscally given in the form of graphs or tadles), it is
expedient to integrate (120) and (121) partially: ) o

- “dE'
A(m)=E(m)—E(MDM—m)+ [DG—mGds (150
m

B(m)=E(m—Q—%) EM)DM+m)+

M -
[ dE e
l 4(1—9) / D(t—l—m)a—:dt—:!.D(m FL

! .

Wow the problem consists ir setting up fumctions of the penetration for atmospheric
and solar rediations or the basis of experimental data pertaining to parellel radiation
fluxes. The method of constructing the B(u) for water vapor is described in detail
in E@ . :

Absorption by carbon dioxide is significent only within the range of 13 to 17
picrons. In order to teke this into eccount, the penetration function should be

written in the following form:

13 17 - ’
D, u)=p LfEle_'l" dx+f1;e’ﬁ““5“ a+
13

+ f Ee ™% a],

17 a5
[Be” " a

D (s, u)=Daow) — D6+ D% B

(125)

- R

(126)

’
jpssmuck as in the 13-17 micron range the gbsorpition lines in the water-vapor s ctrum
pe

a.re weak and the pemetretiorn in i% will be represented witk sufficient accuracy by
the exponential law (u; is quantity of carbon dioxide on the peth of the Tay).
The integral in the lest term of (126) may be expressed dy the function of the

absorption by cerbon dioxide of the totel black-body radiation Teop in the corresponding

STAT
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17 ¢
Jre am 0T
13

- e e e o =

¥4 —fu, —
j Ed— IE;:"{"JK [Ee ™ a

13
xco,'s- E = b — E

In substituting (126) into (127) we obtain

D () = Dy (0) — DI () Ago, - (129)

The Icoa (ug) function was constructed by Moiier f,'z—, the basis of experimental
data.
In orde‘r to express (129) by only one variable - effective humidity m - there
bas been established a relationship between the effective humidity and the effective
quantity of COp in the atmosphere (asscciated with each other by baric pressure p,
if 1t is assumed that the relative concentration of COp is independent of altitude).
The graph of the Dpo0 + cop (m)-function is satisfactorily approximated Dby the

formula

' D(IB)= Qle—'v:_*_p‘e—ﬁ y;n

Where @ = 0.471; q = O.54; Py = 0.529; and p = 6.94.
In substituting the thus found D(m) into formula (116) we obtain the transparency

function for diffuse radiation

' D(m)=QH,(qVR)+PH, (V).  (130)

vhere Q = 1.884; q = 0.54%; P = 2.116;and p = 6.9%
In the determination of the transparency function for solar radiation, its

weakening is teken into account only with respect to selective absorption; scattering

e ettty vt
e ot e

and nonselective sbsorption are ignored. Of the mumerous empirical formulas providing

T
e b e

iR
i

a relationship between absorbed solar radiation W and the quantity of water vapor in

Mt

STAT .}.
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the atmosphere u, the following formula, derived by V.G. Eesirov LTE/, was used:
¥ = 0,156u - 294 calories/square centimeter minute.

If solar radiation at the upper boundary of the atmosphere is W, them

D,w="25E, (131)

D,(u)=1—1,

where v = 0,081; 5= 0.29%4 when Iy = 1,91 calories/square centimeter mimite.

A certein limitetion of the transparency function so-obtained is the ignoring
of 1% reiationship ¢c the temperature of the radiation source.

In effect, it follows from the definition

<o .
{ Elrt_q' da
Er

D (1) =

that D(u) is independent of the temperature of the emitting substance T only for

"grey-body" absorption., This does not apply to selective absorption in the atmosphere.
A change in the temperature of the emitting body cau.ses a displacement of the
energy distridution curve in the radiation spectrum of an absolutely black bdody,
according to Wien's law, However, the knownexperiments and calculations lead to
only a Qualitative conclusion about the decrease of absorption with an increase in
the emi;:.ting body temperature T, which is inadequate for obteining the quantitative
characteristice [20]. Moreover, absorption increasses with an increase in temperature
owing to the increase in the intensity of the absorption bands. These two processes
compensate each other to a major extent. In any case, the difference in both corrections
lieg within the limits of the determination of radiztion fluxes in the atmosphere.
With an increase of pressure and a decrease in air temperature, the individual
absorption bands in the spectrum increase in their half-widthl in which connection

the integral intencity of the line remains unchanged but its form (contour) does vary.

1 Helf-width is the name used for the distance from the center of the line at whicSTAT
its latensity decreases by half.
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As a result, with a decrease in pressure, absorption increases more in the center of

the line, whcreas on the line flanks the «, mnay even decrease.

Por different wave lengths the transition from absorption in line center to
absorption on line flanks occurs with varying thicknesses of the layer of the absorbing
substance, owlig to the extremely great differences in their absorption coefficients,
This leads to a complex combination of the processes of increase and decrease in
absorption with variation of air pressure. In a larer of sufficient thickness tixe
decrsase in pressure leads to & decrease in absorption. But theory and experiment

provide differing quantitative chrracteristics of this relationship. It follows

from the majority of experiments that the absorption coefficients for H50 vary

proportionately to \/DP. Lorentz's theory of the expansion of spectral lines during
collisions establishes a relationship between the absorption coefficient and the
Tirst power of pressure n. Goody assumes a proportionality to p with respect to COe.
5;87 o With respect to Hy0, Moiler assumes a more complex relationship with p [6'2'/ .
Therefore, the relationship between k)\ and ﬁ as assumed by Shekhter for both
absorbing substances - Ho0 and COp - is not convincing.

The works of S. Ye, Kuznetsov [31, 23/ occupy & special place among the studies
determining the temperature of the earth's atmosphere. In his works, attention is
focused chiefly on a thorough theoretical investigation of the processes of the
radiative transfer of heat. Kuznetsov has developed methods of integrating the
equations of transfer, by taking into account the influence of horizontal surfaces
of discontinuity, the albedo of clouds and the dissipation of radiant energy. However,
80 far quantitative calculations were made solely for a "grey-body" atmosphere
characterized by one or two absorption coefficients. This is due to the unwieldiness

of* the developed method of calculation,

e
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Climatological Studies of the /}feat Balance of the

Atmosphere, The Y.a./rth's Albedo,

The solution of the problem of the ‘hermal regime of the atmosphere is closely
related to the investigation of the v.rious components of heat balance at the earth!s
surface. The income - outgo therwal processes waich are determined by these charac-
teristics of the balance, by being decisive in rmany diverse manifestations of pPhysical-
chemical and biologicel life on the earth, also ere responsible for certein fundamental
spatial and temporel features of the temperature field of the atmosphere., Therefore,
the equation of heat balance is employed es a boundery condition in all theoretical
Pprodlens regarding the determination of the tempersture of ihe atmosphere,

Some of the components of the heat balance include the sought-for function -
temperature of the at;aosphere T (effective radiation, turbulent heat flux), and
therefore, generaily speaking, they cun be deberzined
with ¥, The remaining components - heat losses to eveporation and heat flux into
the soil - should be given (g priori) if the theoretical problem of the heet exchange
in the atrmosphere is not resolved in conjunction with %the problem of moisture exchange
and of temperature distribution in the soil. Tkc neat-balance cheracteristics are
thus necessary for verifying the relf:ability ¢’ the theoretical calculetions of
temperatures, axn. in addifion they may be essun2d 25 perareters for the appropriate
research problems., Hence, the distinct importance of developing and perfecting ihe
methods of both the direct, experimental measurermernts of the heat belance and the
indirect Gevsrmirestion of the components of tiet belance by mezns of large scele

observationzl data for the princiral meteorological elements.

The problem of irvestigating the neat balernce of the earthl!s surface wes set-up,
first by A.I. Voyeykov (188%). Subsequently, S.1. Savinov and V.V. Shuieykin rade a
z:ajgr contribtutior to the azdvarcenent of ciinatologicel research in the heat balance,
Particuler attention has been turned to this problem in ine last 10-20 years,

In perticular, the (I.A. Voyeykov) Central Georhyrsical CObservatory hod completed

zical stwdy of the heat balaxnce of the earthls surfzce, the STAT
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purpose of which was the perfection of methods of computing the camponents of theat
balance and of compiling appropriate charts and the corresponding map for both the
sea and land surfaces /_T0:7. In these studies, special attention was given to the
development of methods of independent determination of all components of the heat
balance, for evaluating the accurscy of the completed calculations according to the
completion of ths equation of balance E.
As & result, it was found possible to plot, for the first time in the world
literature, the following maps of the components of the radiation and heat balances:
() Total radiation on the earth's surface - monthly and anmual charts or maps,
(b) Radiation balance of earth's surface - monthly and annual charts or maps,
(c) Heat losses to evaporation - annual map for land surface and monthly charts
for ocean surfaces.
(@) Turbulent exchange of heat betwsen the surface interfaces (underlying surfaces)
and the atmosphere - annual map for land surface and monthly charts for ocean surfaces.
(e) Annual chart of the quantity of the heat received or lost by the surface
of the oceans, in conrection with the effect of sea currents,

Altogether, a total of 53 charts and maps of the components of the radiation and
heat balances were plotted,

Let us dwell very briefly on the methods employed in determining the components

of the heat balance in plotting these charts (meps) by referring the reader to articles

[10/, /I3] for further details.

The equation of the heat balance of the surface interface (underlying surface)

was written in the following form:

R+ LF+P+U=0. (132)

Here R is the radiation balance of the surface interface (underlying surface);
LF 18 loss of heat to evaporation, P is turbulent exchange of heat between the under-
lying surface and the atmosphere, and U is exchange of heat between the underlying

surface and the underlying layers.

In _eannestian with the form of equation adopted above, all terms in the balancSTAT
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characterizing the influx of heat to an active surface are positive, while all terms
characterizing the expenditure of heat are negative.

The total radiation included in R, owing %o the insufficient amount of data on
actinometric observations, was calculated according to the Savinov-Angstrém formila,
which tekes into account the influence of cloudiness on solar radiation., This method
of calculating total radiation was verified according to all the avallable data on
actinometric observations. It was found thet the mean monthly velues of total
radiation are determined with a mean error of 10 percent, while 1ts mean yearly values
involve a mean error of less than 5 percent,

For dstermining the expenditure portion of the radiation balance - effective
radiation, tl.xe formla obtained by E.M. Berlyand was used (it takes into account
cloudiness, and the temperature difference between the underlying surface and the
air), This formila is corroborated very well by the present large-scele measurements
of effective radiation [H].

The methods of the climatological calculation of the loss of heat to evaporation
and of the turbulent heat exchange differ for the conditions of the ocean and the
land, owing to the difference in the available initial date,

The availability of data on the temperature of the surface of oceans makes it
possible to employ the following experirental formula of V.V. Shuleykin in the calcu-

lations of heat loss to evaporation:

LF == — Lav (¢* —¢)

Here ¥ is wind velocity, g* is specific humidity of air saturated with water
vapor at the water-surface temperature, g is specific humidity of air, and @ is
proportionality coefficient,

An anslogous formula may be writien, by means of Bowen's relations, for the

turbulent excharge of heat between the ocean surface and the atmosphere:

- - t
P —c,a0(T,—T),

3

— T PO SO e vaprar=—crm—c=
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where T, and T are the temperatures of the water surface and of the air, respectively,
(the latter is measured on a ship).

The coefficient a was determined by means of the equation of heat balance
written for the mean annual conditions of the entire universal ocean (U =0).

It follows from

R+LF4P=0

R
i IO ETXT (AR

For the calculation of the right-hand part of the above relation the authors
had at their disposal detailed datz for the entire territory of the universal ocean,
except for the Arctic and Antarctic reglonms, which could not affect appreciably the
accuracy of determining the a, irasmich as the area of these regions represents
only 9 percent of the totel area of the universal ocean, The assumption is that,
in the plotting of schematic world charts, the possible variations in gunder various
climatic conditions, may be ignored,

After determining the first three components of the heat balance, the last
component - the magnitude of the heat exchenge between {he ocean surface and its
lower layers - may be found as a remaining term of the equation of heat balance,
For mean annual conditions, the magpitude of U proves to be equal to the influx or
expenditure of heat as the result of the horizontel heat exchange related basically
to the effect of sea currents, Despite the fact that U is determined with a
maximim error (equal %o the sum of the errors in determining all other components

of the heat balance), on the chart of the mean annual magnitudies of this value there

is a satisfactory corresponiencs noted between the areas of higher positive values
(which corresponds to the influx of heat to the ocean surface) and warm currents, as
well as between the areas of the lower negative values and cold currents,

The lack of large scale datz on the temperature of soil surface and the influence

of the humidification of the upper layers of the soil on evaporation meke it impossible
' STAT
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to calculate IF and P for the land (continental) conditions by means of formulas af f/
simple as those applied for oceanic conditions. For land, the mean anmial totale of
evaporation may be determined f;'om the equation of the hydrological 'baiance by means
of dats on the measurements of river run-off f, or if such data are rot available,
by means of various methods based on the relationships involving eveporation, pre-
cipitation and heat fluxes., The authors applied one of such methods - the Mequation
of relations.hip“ - derived by M.I, Budyko from & combined analysis of the equetions
of the hydrological and heat balances [12]. This equation gives a relzstionehip
between the ratio of the mean anmunl evaporation to the precipitation ; and the
ratio of the radiation balance to the iuantity of heat required for the complete
evaporation of the anmual total of precipitation ZR7 .

It is clear from the general representations :bhat the mean totals of the evapora-
tion from e land surface depend on both the ouantity of precipitation r and the flux
of radiation R.

With an increase in 2 aml a decrease in r there is an increase in the dryness

of the soil:; f~6 or ;-»1 (since (r=F-+4f ) when .{27-»00.

With suffic'ienéi;r hiéh totals of r and a eufficiently small R, a state of constant
overhumidification of the top layer of the soil will be attained, But, even with
these optimun conditions for evaporation F will always be <R (since the turbulent

heat flux 1s always directed awey from the earth'e surface), and LF — R or g-— 0

R
when = 0,

-Consequently, the following relation shculd exist between R, r ani F:

£-o().

which is called the "eguation of relationshipf,

These approximate calculations of evaporation are based on the nesn latitudinal
values of the radiation balance for the conditions of potentially possible evaporation
{evaporability - for tke humidified surfece). As for areas for whick run-off data

was availeble, parallel calculations were maie for the evaporation on the basis of STAT
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the equation of ths hydrological balance - which gave an entirely satisfactory agreement
between the two methods, =
The mean anual value of the turbulent heat exchange betwsen the land surface
aerd the atmosphere was determined as a residual term of the equation of heat balance.
The constructed annual maps (charic) can be used as the basis for determining
the course of all the components of the teat balarce, The correspondirg values are
cited in Table 5 which is copied from [10/.
Map data were used with respect to areas between Latitude 60°N and Latitude £0°S.

Data for arctic and antarctic areas were determined by supplementary approximate

The data in Table 5 and in the aralogous table in @ are the only data
ever obtained on the basis of a complete and detailed climatologlical enzlysis of the
'equation of heat balance and of avallable observational data.
Table 5
Hean Latitudinal Values of the Components of Heat Balance

(kilocalories/square centimeter year)

Oceans Inland The Earth !

Latitude] p

60—50°C| 88
50-40 |109
40-30 136
30— 151
20-—-10 | 156
10-0 149

0--10 10} 152
10-20 1155
20-30 1147
30—-40 128
40-50 1104
50—-60 84

The Earth [128
- as a whole
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The theoreticel determination of the temperature field of the atmosphere reguires

no"c only the knowledge of heat-balancs characteristics but also the knowledge of the
reflectivity of the earth, In effect, the megritude of the albeds of the earth-atmos-
phere system enters into the boundery condition for the flux t_)f solar energy in the
problen under review [see, e.g., el. (45J/.
The study of that value encounters many difficulties, and therefore up to the
present the albedo has been determined only for irdividual underlying surfaces or
for the planet as a whole.
The experimental determinatior of the value of the planetary albedo may be real-
ized only by meane of a body found outside the earth's atmosphere, beceuse clouds
wekes & major contribution of the earth's elbedo, end their reflectivity varies greatly.
Such measurements have been made by Danjon 5_17, vho observed the @moon by means cf
an appropriate photometer, The moon is illuminated dy two light sources. The bright
(J side of the moon is illuminated directly by the sun, while its derk side is illuminsted
by the earth., The light from the earth is soler light reflected by the earth. Conse-
quently, the ratio of the brightness of the dark side of the moon to thet of its ‘
bright side is a measure for the solar light reflected by the earth, i.e., a value
of the eerth's planetary albedo., However, photomeiric measurements can give the
value of the albedo only in the visible portion of the spectrum - the so-called
! visual albedo., Such & procedure was also used ty N.P. Barabashev g and ¥.S. Orlova
/28] for obtsining the earth's albedo. Their measurements yielded U3 and 4O percent,
respectively. According to the data accumulated by Danjon in the course of‘ g years

4 of photometric observations of the moon, the mean visual albedo of the earth was

39 percent, Ix order to make the transition from a visusl albedo to a total energetic

) albedo it is necessary also to take into account the reflection of solar energy in the

ultraviolet end infrared portions of the spectrum. Fritz's calculations gave for
that value, 35 percent /56/. Somewhat different estimates of the total albedo were

b @ obtained earlier, during the selection of other values for the albedo of cloude and

"B for the guantity of energy sbsorbed by the atmosphere and the clouds., Aldrich
— STAT
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obtained 43 percent [T/, while Baur and Phillips obtained L1.5 percent [58].

In view of the insufficiext accuracy of the methods of albedo deternination
used by various investigators, the divergence in their ragults by several percent
is entirely pernissible, For exemple, the determination of the visual albedo through
Photometric observetions of the noon involves an error consisting in that the spectral
composition of terrestrial light differs from the spectral composition of solar light
owlng to the selectivity of reflection from two surfaces - terrestrial and lunar,
Likewise, the assumptions about the scattering capacity of the particles of dust and
water vapor suspended in the atmosphere are also indeterminate, The value obtained
by Fritz probably should de considered as too low, since he cited a mean value (low
mean value of 2-3 rercent) two to three percent too low for the albedo of the earth's
surface, because he did not take into account the distribution of land (continents)
and ocsana,

We cannot remain satisfied with knowing only the mean value of the Planetary
albedo., TFor theoretical calculations it is necessary to have a concept of the
geographical distribution of the albedo of the earth-atmosphere system and of its
temporal course. The most complete study of this prodlem was made by AL, Fedoseyeva
517. Using the published information about the albado of various underlying surfaces,
duration of the vegetative period, detes of the establishment and the disappearance
of the snow cover, limit of ice (sea), distribution of cloudiness, etc., she succeeded
in constructing 12 monthly tables of the latitudinel end longitudinal distribution
of the albedo and, on their basis, four charts for the most indicative monrths,

Flg. 9 illustrates the latitudinal course of the albedo for January, July, and
the year as a whole, Only the calculations for the zones of Latitude 30-90°N and
70-909S are omltted, owing to the leck of adequate data cn cloudiness. The mean
annual value of the Planetary albedo was ottained at I percent, which, within the

limits of accuracy of the calculations made agrees quite satisfactorily with the

results obtained by other investigators,
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Fig. 9. Latitudinal Course of Zonal Magnitudes of the Albedo of the Earth-Atmosphere
System for Jemuary (1), July (2) and the Year (3), according to A.I. Fedoseyeve.
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Chapter II

THE ZONAL THUERMAL FIELD OF THE ATMOSPHERE.
The Setting-up and the Solution of the Problem of the Zonal and Fonzonal

Distribution of Temperature in the Atmosphere.

The survey of the studies of the heat regime in the atmosphere leads quite defi.
nitely to the conclusion that a physically well-founded theory of temperature distri-
bution in the atmosphere canno’ be framed without taking into account the entire
complex whole of the fundamental factors determining the thermal state of the atmos-
phere, This entails the necessity of posing and solving the problem of therral
structurs of the atmosphere on the planetary scale as comprehensively as is possible
at the present time,

This Chapter describes a sclution of the problem concerning ther stationary zonal
distribution of temperature, averaged over 1

The following should obviously be included among the primary factors for deter-
mining such a distribution of temperature:

1., Radiation heat fluxes, ZXssential are: latitudinal distribution of solar
radiation; latitudinal distribution of the albedo conditioned by the reflectivity of
the clouds, the underlying surface and the atmosphere; selectivity of the absorption
of solar radiation in the atmosphere; and selectivity of the sbsorption and diffusivity
of the propagation of long-wave radiation.

2. Turbulent heat fluxes - the vertical and the horizontal. Here thers is no
foundation for taking into account the latitudinal chenges in turbulence characteristlcs
/®.8., the coefficient of horizontal turbulence varies within the limits of (3.8-3.1) ¢
106 square meters/second/.

3. Quantities of heat assoclated with condensation and evaporation. It is
necessary to take into account the change in the quentity of the condensing and
evaporating moisture with change in latitude, since this change is considerable,

4, Distribution of water vapor and carbon dioxide in the atmosphere, Since

STAT
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eriatEon is abgorbed and emitted principelly by water vapor and COp, it is necessary '
' to take into account the relatlionship between the optical mass of the atmosphere and
C) latitude, The density of weter vapor at the earih®s surface varies from the equator
to the pole at the rate of 20 to 1.5 grams per cubic meter,

These factors are considered in the problem described below, insofar as pessible.

It ic assumed, in accordznce with K. Ya. Kondrat'yevls research [_ng » that
ozone does not affect the thermal state of the atmosphere below the lé-kilometer
altitude,

During the calculations special attention was given to the experimental and
physical substantiation of -the velues of the required parameters,

Thus, the thermal regime of the atmosphere will be investigated here in a
climatological cross-section - for long intervals of time and extensive spatial areas.

Let us consider what climatologicel data may be used for comparing the calculated
values of zonal temperatures witkh the actually obeserved values. Although the network
of meteorological stations hes collected extensive temperature data, only & comparatively
minor part of that information has heen subjected to generalizing climatological
processing for the entire northern hemisphere, Basically, this information represents
tables and maps of mean monthly temperatures of zir at the earth's surface, eince
the avallability of data is well ensured here - the longest sequences of observations
and the greatest number of stations,

In the "World Agroclimatological Hanébook" [EI/are cited the mean monthly air
temperatures at the earth's surfzce for the meteorclogical stations of the northern
hemisphere, The works of Ye, S, Rubinshteyn 5_‘47 deserve special attention for
air tempersivre determinations over the USSR, She procecsed data from 1,000 statioms

of which only ztout 12 prsrcent had observeticnal series of less than 10 years, The

#Great Soviet Wcrld Atles" co:talas world charts of mean 2ir temperatures at
sea level for Jamunry end July, compiled by Ye. S. Bubinshteyn. For the "Marine Atlas"
Eﬂ such charts vwere complled by V. Ya, Sharova end I.A. Berlin; on which are recorded

the deviations of mean air temperatures in Jamuary and July from their mean latitudipal
STAT
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values. - Maps of the surface (air) temperatures for sach rmontk are found in [_'5_87

As for the studies concerrned with the climatological processing of observations
of temperature in the free atmosphere, their number is even smaller, EHere only
the "Climatological Atlas of the Northern Hemisphere® [8-5—/ can be cited,

It is necessary to keep in mind that temperature data provided by various
investigators may differ by several degrees owing to the heterogeneity of the material
used by them. This can be revealsd, e.g., by comparing the corresponding maps in

3. 6g.

The initial equation in our problem is the equation of the heat influx to a

unit volume of air

(1)

can be simplified. In effect,
d, n ..
in the individual deri ‘-': ; pressure %‘_..o , is for
stationary conditions; the sum of the advectional terms alsc turns to zero with
geostrophic conditions.
We obtain instead of (1)
dT ap
cp. 57— Aw ==t
,.“ az (2)
In the problem concerning the stationary distribution of temperature T, the
Jatter can always be rapresented in tke form of the sum of two terms which are the

functions of spatial ccordinates; we shall selsct the spherical coordinates as such

coordinates: 1latituie ¢, longitude A and al titude z.

Teh ) =T +T N2, (3)

The first term' 7(3, Z) . Tepresents the so-called zonal temperature, averaged

by latitude. 77 (., A, z) gives the deviation of temperaiurs at a given point in
space from its corresponding zonal velue, This deviation may De called spatiel

anomaly of temperature.
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In substituting (3) into (2) we obtain two equations., One for determining

gonal temperatures ‘f. ard the other for determining deviations T!:

-

—e — . e b = e ana on e o——— - -

oL ' N

Y% 9 % J = - .

| ot AT+ i T+ T+ w 2 7] it s 2 AN
S — S

where\ ¢(9, z) — is the portion of the heat influx creating the zonal distribution -

-,
r

e rwe—— - . - —~+y
.

of temperature, | 1:'(9. i, z) — is the part of heat influx responsible for T', and

' 95-::0 .according to (3).

The term containing \ %%

inasmuch as it is a function of longitude; the same pertains also to the terms

should be related to the equation for determining T4,

containing w (w = 0 for a strictly zonal circulation).

Therefore, eq. (i) gives fecr zonal tempsratures

!

tax(’
[}

and for spatial anomaliles

[

o % 9 [
& [Eo‘s?;m T+aaT+es T] —Aw=v,  (6)

-

where v, and g,are the latitudinel and longitudinal components of wind velocity,
respectively;, 0=90®—¢, @g— 1s the earth's radius; 9, is air density; and & is
the thermal equivalent of work,

Let us now determine zonal temperatures T,

The heat influx & towarde a certain mass of air in the eerth's atmosphere is
realized by: (1) transfer of long-wave and short-wave radiation; (2) turbulent
transfer of heat; and (3) influx of heat associated with phase transformations of
water,

The above-indicated portions of the total heat influx Z will be designated
correspondingly as g, €y> €. By definition .

. . 4= —divR, (n

[y

-
e
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3, = — divP, (8)

3, =LQ. (9)

Here R and P are radiative and turbulent heat fluxes, respectively; L is lotent

heat of condensation (vnporization); and Q is the quantity of condensed water vapor

(evaporated water), fhe signs (—) in (7) and (8) denote that the divergence in

| heat fluxes leads to the cooling of the air particle,

Inasmich as the chenge in the radiation properties of the atmosphere occurs

chiefly in the vertical direction (the scale of horizontal innomogencities is greater

by two or three orders of magnitude than the scale of vertical ones), therefors

-

1
dlvR=—;—!(A-—B+S), (10)

k where A and B are the fluxes of long-wave radiation Passing through the area from en

upper and lowser hemisphere, respectively; and S is the flux of solar radiation,

The turbulent flux of heat P we shall consider proportional to the difference

between the actual and the

' [B2], 1.e.,

equilibrium temperature gradients, according to M. I. Yudin

P=—2(—9T+p), (11)

where J\*is coefficient of turbulent heat conduction, and ¢ 1is equilibrium gradient

of temperature,

Theresfore, -

1

' -—— T oy 1 9 . medT , 3 A" T

aime ) * (12)
inasmuch as the componsnts of the equilibrium gradient ?.=§,-‘r0_-

Let us assume thzt the quantity of condensed water vapor Q is proportional to

@' the density of water vapor

Q=x. . (13)

ng ,

: - 0006-8
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" ‘Such en a'ssumption is natural because from the equation of water vapor diffusion,

an exponential distribution of f corresponding to the experimental data is obtained,

The drawback of this assumption consists in that the condensation of water vapor

extends from a layer of clouds throughout the entire height of the atmosphere.

However, inasmuch as P decreases rather rapidly with altitude, condition (13) cannot

introduce any substantial error. At three to four kilometers above a condensation

level 27, the heat influx Q represents one fifth of its value on the Z) level, or

the total quantity of moisture being condensed in the three to four kilometer layer

exceeds four times the amount which is condensed above it,

Eq. (5) ie thus written for zonal temperatures T:

’

P - - s
) -

(A— B4 \/ - ;smu" —i—i.xp‘=0- (1)

y 0,
urh

Y

%I ®
Q'| ~tl

- - [N

The above equation is derived undar ths f0ii0wing boundary conaitions., At the

earth's surface, where z = 0, the equation of heat balence is satigfied

r("’+p\ (A- B+S)—LF. (15)

Rere F is the quantity of moisture evaporating from a unit surface during a unit
time; the fluxes of heat into the soil may be ignored, becesuse they are small compared
with LF,

At the upper boundary of the atmosphere, where z=00 the turbulent heat flux
P=0.

On an average for a year, for the earth as a vhole, thie condition will correspond
to the rediant equilibrium of the earth-atmosphere system,

Let us give the distribution of water vapor density with altitude in the con-
ventional form:

-z

p=po(t)e ™" (16)

In the zonal problem it is necessary to take into account only the latitudinal

; changes in . He t is assumed that the surface values of water vapor density
1
[ -115-
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changs with latitude, and that a is indopendlnt of 0. i.e., water ve.por den:ity

|
I
|

"' decreases - unifomly with alti’cude at all le.titudee. Such an a.ssump’oion can be made,

because the relationship between the surface velues of p and latitude is expressed

much more explicitly than the relationskip between a and b .

Let us pass over from the vertical dimensional coordinate 2z to the dimensionless

[y

coordinate x:

x-:—fpdz

r ®
N o

From temperature T we now pass over to the function of emission E., Instead of

eq. (14) we obtain

[ ’
S LS SR E X S P

(18)
+‘§‘:‘L. ;l“';;.gf-{-l.p,x(t)xno /

Let us introduce the designations

Nxym X,

1’

4eTadix

Then, eq. (18), after being divided by axr assumes the form;

G (x)=:

(A B+s>+;;~(x) —x'a+a(x>,u+§. no %+

: (21)
+ < P (0)=o0.

¥We shall seek for the function of erission E in the form of the series
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E(x, 0)= ‘\_" E,(x)P,(¥). ‘ (22)

. ‘\ <

]E;(xs is the nth

Eere }_’,(0)— is Legendire's polynonial of the nth power,

karmonic of the dissociation (22). The following functions may be presented in the

same manner:

Alx =N A,(x)P, )

a0
B(x,8)= N B,(x)P, (%)

= .
S(x, 9= "N'S,(x)P, (%)
© A0 (22v)

@
®="F po Py (®)

22
LF= N'F,P,(6)

" ‘ a=0
Let us note that, in view of the proparties of Legendre's polynonials

[ond
%‘d_‘: sin OgTEa=— 2 r(n+1)E, (x)P,(9).
s=0

Thez, for the nth harmonic of the E-function, eq. (21) will assume tne following

form:

| - e e e e
A (A —BAS)H AN — Ve —
—n(a41)G () Ey+E ppy =0 (23)

(the P ~coztaining term is absent in the equetions for n>0,
+ Let us resolve a two-layer problenm,
In tke first, quasistationary surface layer, the coefficient of the vertical
turbulent keat conduction M increeses linearly with altitude, while in the second
layer,the free atmosphere,\ is an arbitrary function of al titude,

The First Layer. By assumption
N =iy bz,

-117=

L T

el _ \
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where Ay —13 coefficient ¢ molecular hest conduction, or

Veamdy—2inx. _

For the quasistationary surface larer it may be assumed that its radiation
balence does not changos with altitude and thet the horizontal turbulent sxchange
1s considerably smaller than the vertical. This important circumstance %as been

demonstrated both theoretically and empirically LE2, ﬂ.

The influx of heat owing to coniensztion is equal to zero cr an average for

long intervals of time,

With the foregoing assumptions, eq, (23) is reduced to a sinpler one:
d o . B
&y Ze—va]=o (24)
in which

NE@ =l + 20 - 2],

’

inasmuch as fn xﬂzx—l' at x=1

Let us integrats eq. (2&)
. & N
N(x) 22 —-Vf=C,,,

.

[ ]
n[)o+

—

inasmuich as K1, x=x1, therefore

a3+ 201 —x)]-{-—%lnx—}- G- (28)

The integration constant E., is Getermined from the squatiosn of heat balance

(15) at the earth's surface

-
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joqprappepened,

St

C..—(A - n+S|)I;_|+F“° .

- —

The constant 6,, will be deternined later from the condition of the continulty

e

et

of the derivations of eq, (23) for the first and second leyers,

The Second Layer A\ (x). -

Let us integrate eq. (23) from the altitude of the surface layer X, up to a
certein varisble altitude x
[ -
—B,+5)— N T2 VB0 +n(r 1)fa(y)£ dy —

}

(27)
| ~5‘ip..(x—x.)-u = But Sen — NI B,

1 - - N,

We o'btained an equation of heat balance for the lsyer a,ccomin‘D to which the
heat fluxes through the upper and lower boundaries of the layer are mutually equal,
Since for the surface layer of the atmosphere we assume that its radiation

belance does not change with altitude, we find by means of the equation of heat
balance for the earth's surface, that

+
.

(Al-Bu+Sn)'m.=(Al— +Sn)x-=l_N(l)_.|’
—&B()+ F,

and we thus rewrite eq, (27):
/ — - N - - - -
dE ] .
N Z=4~B,+Sy+nn+1) [ G E.dy -

L — = x) = F, + MB(x).

Let us underteke the derivation of eq, (28)

The variable B
2

m== (] dz
/

is associated with the x:-coordinate by the relationship

-

m=M(l — x).

|
:
K
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therefore m is a function of x and ¢, Hence, the transparency functions for long-
wave and short-wave radiations D ard f., which are functions of m, can be dissociated
into series according to Legendre's polynomials

i D(my=D(x b)—ZD )P, (0)—1)..(x)+20 () £a®), 29

Ram(
.

| D,(m)=D,(x,0) ==2 D,,(x)P,(8) = D.,rx;+2,u,.<x) .®). (39)

The values of Dy(x) ! and Dy (x) are determined as an averaged distribution
of m(z), according to lzti’cude,i.e., the same as an averaged distridution of o {z).
according to latitude,

The additions > D, P, and D\Dwix) P, are
K] - .
determined by the deviations of water vapor Gensity gt various latitudes from its
mean values for a given level.

The emlssion function E£(x, 8) 1is conveniently represented in the following

form:

E® O =F(x,t)+E(x,6). (31)

where k(x, 8) — is the portion of the emission function Cetermined by the deviation
of water vapor density from its meen distribution, and F(x, 0) is the portion of
the emission function determined by the mean distribution of water vapor density with
altitude and by all the other factors belng considered in the problem.

The F ( x, 6 ‘,j-function nmey be called the "basic background" of the enission
function, Ohvi:ously, Z may be considered as minor adéitions to F.

The radiation flux of heat across the variable m ig, in accordance with formlas

(122), (123) and (124) in Chapter I, Getermined in ths following manner;

Ty A- 8+S=3.D.(M—m)—£w)ww—m)-AD<M+m)|—

—flAD(m-f-t)—Dlm——t”—d‘t (32)

[ S
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fD(t—m)&-dt-}-a/‘D(m—t) dEdt—fDlﬂl—‘l'

LA - ——— -

For eq. (28) we have to obtain the expression for the nth Larmonic of the
radiation balance,
We shall rewrite eq. (32) taking into account (31), in the dimensionless

coordinate x, as follows:

—B+S—2 A ,,[D,,(l-—x)-i- ED (l-—x)P.]_

Rem0 Re=)

[EF (O)P,,+?E (O)P]{[D.u — x) e-ib.u-x)P.]—

—AID (x—1)+ ZD x—1npP, J} fo{A[D,(x-}-y—-l)-{- (33)

o
+ X0+ y—0 /- |Di1 4+ 2—y1+ So+

K] R
+x—ylP.]}[§:2' . -._O%P,]dy . |

vhere A=1-—3.

-

The trensition, in the transperency functions, from arguments in the variable
m to arguments in the veriable X is made in the following menrer., A certain argunent
m in the verisble m is associated with a certesin argument X in tke X-varieble by

the following relationship:
m=M(Q — x).

Therefore, for the case of @ = M — m, we obtain\ x=1—x, inesmuch as

m=M_—M(—x)=M( —%).
The same applies when m=M+m ;-.x—l. ;
For m=m-4<x x=(x+y—1), tgnd for m=m—< x=(1-4x—y), The
m-varieble varies fron 0 to 2 ¥, whic!.{ corresponds to the change in -x within the

R De R AT -bala 1.
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In expression (33) let ue discard the prodici: of the form

ED P, Z( "z’) ;

as small in corparigon with the remaining terme (the correspording evaluations are

cited later on).

Then

A—B4S=Dyy(1—2) Y, SouPst D SorPa S D, (1 — %) P, —
A0 Py —

!

—EFnPnlDo(l—X)—AD.(x_l)]_ :

—EFP [ED (1—x)P,—4 3D, (x—-l)P]

— 3 EP,ID,(1 —x)— 8D, (x — 1)] —

Rl

‘ .
—f'lw.(x+y—1)—o.|1+x+y|| 3 ‘_:7. (38
] Ra= 0

+ 18D x4y~ — Dy |1+ x—yIl 3, T l“”"

A==0

—f[AZ D,(x+y—1)P,—

=3 Dai4x—yIR] 3 G ry

LL 2}

The double products of the series, entering into (3U4), can also be presented
in tk= fora of a dissociuztion of certain furctions into series according to Legendrat!s

polynonials

25uPe Y Dyl — 0P, = T e, (0P,

2e=0 K= | A=

ZF(O)P[ED (1—-x)P,—A 3D, (x-l)P] (%)

Kum |
=Y ()P,

R=0
IE 8D, (s +y — )= Dul14 5yl P, S g2 Py 7

T e S T e A P e T B e e e e 3
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@ ‘ =N0,0P, (301

Therefore, the nth harmonic of the radiatioa belence for the E-function will

have the form of

- —.—ee -7 . ‘ K

A, B,+S,=Dy(1 = x)So, — Fr(0)[Do(1 —x) —AD, (x — 1)] —

3 = B 10) [Dy(1 - x) — ADg (x—1)} --f]'lwo(x+.v —h-

! (35)
— Dyl 4 x— g
dE
—Doll+X—)'H-;;'-}dy+5,,—t,,—9,,
‘ Whence the radiction talance for the F fu:nction is
| ' -
% A, —B,+S,=D,;(1 —x)S,, — Fo (OID, (1—x) — D, (x—l)l—

(36)

—flAl).(\—l—y—l)—l),II+x—v.] — dy; .

and for the E  function '

A,—B,+8,=—FE, (0)IDy(1— x) — 3Dy (x — 1)] — - ’
[t (37)

- “AD.(x-{-y— D—Dell+x—yl] 5 ) - dy+e — L — 2.

<

Now eq. (28) cen be subdivided into two equations, one for F,(Y), and the other

for E. (‘x)'.

The first equeation
' N2 8D, (1 — x) — FL(0) IDy(1 — %1 = Do (x - )] =

_f[AD.(x+y——l)—D.|l+x—y|l - dy+ (38)

(x#0)

+n(n+l)f0(y)1-‘.dy— 2 (x—x,) — F,+ &8

The second equation
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A

- -

3
.

T K]

h

dE
LR S S Y ST N Y S I L K S N I R O A I ] “QN‘.;}“S&B&J{I ‘-”.‘5}'-‘E;‘('O')f@d(ﬂ’-'-'«x)"-‘ég“{‘X‘-‘2;‘}‘ Lﬁ!lbﬂotltlvv A4 e s e

@.

]
0
—flw.(x+y—n—o,|1+x—ynij:}dy+
1
. (39)
+n(n+1)fo<y)s.dy+e.—c.—o.—

L
":°)~ (x —x,) — Fa + VB.

* - -

The condensation term is discarded from (38) when ‘>0,
These equations differ from each ctaer only by their expressio*lé for the free

term, Thersfore, it will be sufficient to examine the derivation of only one of

these equations.

Let us examine the derivation of eq. (38), which coatains te unimown Fp-fuanction
necessary for detsrmiaing (, azd Q

For the Fp-function, the iwc-layer problem is resolved in the same way as for
the Ep-function (end hernce this refers to the Ep-function). The same equation of
heat influx ir the surface layer of the atmosphere as tkat epplied to the E-function,
corresponds to the averaged distribution of water vapor by latitude. In the first

layer we obtain accordingly, by analogy with expressions (2b) azd (26):

dF
; 2 [N(x) :,7'—1'@]=o,

| p_=_i:_.; xn[{.+§(1—x)]+—;,'-lnx+cx--

Ths integratior constant C,,, as well as Z’..,, ig dejernined from the equation

-

of heat balance for the eartnts surface

: Cb— (An—81+sn):—l +f;==0. (Lo}

only in determining C,, mmust formila (36) be used for tae radiatiorn balance while

formmla (35) must be used in deternining é ,

-124.

STAT]
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. .Ihe Second Layer. In eq. (38) we transform the term corresponding to the

1 g g

horizontal turbulent reat flux, After integrating it by parts, we obtain

s

f G (y) Fa(y) dy = [H(x) Fa(x)— H(xy) Fa(x0)} — f H(y):_';. dy=—

(41)

\\ ==H(x)[l" (x.)-i—f dy] H(x.)F..(x.)—fH(y) ," dy=

=F,(x) [H(x) — H (=) + f [H (5) — H) 2 dy.

Hy = [ 6 dy.

After tze substitution of (M1), eq. (38) assumes the form

N )22 = 5, Dt (1 — x) — Fa (0) 1Dy (1 — ) — 8Dy (x— )1 —

_J‘[AD,(x+y—1) D°|1+x—y|1 y o+
(42)

+n<n+1)f [ () — H () o dy — 2

— Farb (a1 Fa (o) [H () — H (1 B,

dF .
The sought-for fumcticn 7‘—;0 of eq. (42) will be denoted by Pu(¥)
therrore, we intrcduce the following ciher designations:

fa(x)=SoaDn (1 = %) — Fa (0) [Do (1 — %) — 8Dy (x — D] =
LI ) — Fact n(n41) Falxg) [HG) — H ()] 498 =

Xa CM
- f lwo(x+y—1)—oon+x—yH[YLH o] ’]dy. (43)

Ki(x, y) =Dy|1 4-x—y| — 8Dy (x+y —1),
Ky(x, y)=n(n+1) [H(x)—HW)I.

Then, eq. (“2) will be written ir the following form:
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N r e

«n e

\

]
N9 (x) = [K(x )9 (9)dy= fi (2). (-4)

— -

In this manner, the derivation of eg. (38), as well as of ea, (33), is reduced
to deriviag the integral equation (L&) of the Fredholn type of the secorni kind;
fo(x)—1s the free term of this equation, while K{(x, y)‘——.is its core,

K+ Ky=I[Dy|14x—y|—8Dy (x 4y —1)] +

K(x, y)=|4n(n+1)[H(x)—H(y) when y>x
K,=IDy|14+x—y|—AaDy(x+y—1)] uren y<x

-

Inasmuch as the first derivative of the K(z,'y) - core Las a disconiinuity along

y when y==x , eq. (13) should be written thus:

—

1] /]
’ (x)[N(x) - f K(x, y)dy] - f K(x, ) [240) =2y =F,(0). 145y

Eq. (45) is obtained from (43) by adding and subtracting P4(x) from the
subictegral 9,(y) -function,

Integre.]: equatit;ns of type (LU4) are usually derived by approxircate methods,
Let us use any one of the formulas of approximate squa}-i_zgg, according to which

» r
[Foray=3X4,F0). (u6)
Je=1

Here yj are points being given in the (b-a)-interval in a definiie manner; AJ
are coefficients determining the weights of the components in sum (U6). Then, from
eq. (11»5) we obtain a set r of algebralc equations for determining r valuwes ¢,(x)

of the unkncwn 9; (‘x)‘-function:

0
Pa (X)) l,.-“"' {x) —fl'\’(xi' y) d)’] -

%o

,. )
'-;: A;K(x, X)) [#a (%) — @, (x))] = f, (x)).
The character of the convergence of the approximate derivations of eq. (4u)

to the exuct one, and of the magnitude of possible errors in determining temperature

T, are explained in [Ey . Afier determining  ¢,(x) , the derivation for the

-126-
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Fp-function in the second layer may be constructed according to (us)

P

iy '

CRe=fa0d+C,. (48)
Y S - .

Let us now pass over to .d..etermining the in’ceg.ration constants. In resolving
the two-~layer problem involving a second-order differential equation, we should
obtain four integration constants for the determination of which it is necessary
to write out four more eguations in addition to the r equations of set (47).

Eq. (40), for determining C,, , has elready been written. Inasmuch as (40)

is obtained from (47) when x=x, another equation must be found for determining

9. (%) - Let us write out the condition of contimuity vhen x=ux, for the o, (x)

-

function:

C [ ]
@, (Xo) = N :xo) + ;3.- . (49)

The constants C,. and .C." are associated with each other by the condition of

contimiity of the emission function when. x=x,

— -

—%"%ln[lo+%(l—x,)]+cm+—%lnxo==c,,- (50)

1

The constant Cp, 1s related to the fourth integration constant by equation (u8)

when '.x==0.

. - "o )
F,(0= [o,(y)dy+C, (51)

Let us determine Fp(0) from (47) with x=0, assuming that

. ao=o (52)

i.e,, we find that, as in the preceding investigations [77 made with respect to a
latitudinaliy independent quantity of water vapor in the atmosphere (M (&) = const),
the latitudinel course of terperature in the stratosphere is the same as in the

troposphere,

In the construetion of the ‘.ER (x, 0) -function, the equations for determining

¢ . ﬁ.ﬂ-
_
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the integration constants will differ somewhat, The first three equations will be

anslogous to (49)-(51), except that they inclucc Ce insteaa ¢ an; £n(0)

is determined from a set analogous to (L7) but with a free term for the £E,(x)-function

with x=0. In this connection, we use the upper boundary condition applied to

.

eq. (14):
Pl,_,=0.

In caleuwlating E,(x) we shall assume that

: dE,
b= l.-f# 0.

Let us turn our attention to the circumstance thet the sought-for function

vy.(x)l | varies 1ittle in the lower part of the (1—0) integration interval, in
. a

the 0=—1 kilometer layer, i.e,, it may be assumed that here ﬁ:(}, or, which

is the same thing,

L : W)= (53)

\ where X; and x,,, —are neighboring points of (46) located in the lower part of the

; integretion intervel,

To take into account, with a variable opticel mass, the change in £, (x)..lin
the stratosphere [ with M (0);}_- conets D (0_)¢0| s 18 very important sinco this
ensures the observed reversal in the sign of the equator-pole temperature contrast:
in the stratvosphere, the temperature over the equator is lower than over the pole,
whereas at all levels in the troposphere, up to an altitude of 10 kilometers,
temperature decreases from the equator toward the pole. The fact that, with 2 changing

optical mass of the layer in question, the changes in temperature at its upper and

lower boundaries, respectively, are opposite in sign, has been demonstrated in @27.
Therefore, let us relate $,(0)£0 to the E;(x)-function being determined
with M ()£ const., after having closed by means of (53) the set of equations

® necessary for its determination,

With this we terminate our review of the theoretical portion of the problem

STAT
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concerning the zonal temperatures of the atmosphere, The celculation portion of this

predlem is set forth in detall in the following sectione.

Let us pats over to deriving eq. (6) for nonzonal deviations of temperature T'.
" The right-hand part of ea. (6) has the form

r__0 ,97: ’
¢ —dz)‘ dz +,pr’

!
' ' L]
s < RE, |

i.e., the spatial anomalies of radiation heat fluxes may be ignored [3/ .

For long intervals of time, it may be assumed that on an average w=—0.

Let us resolve the two-layer problem, )
In the surface layer of the atmosphere 02" <2) the T' anomalies develop
solely on account of the diversity of the thermel properties of tae underlying surface,

and (6) is reduced to

9 ,,0T
o7 N aw =0

7 =—2One,+62)+C, . (54

where P'(0) and p’ are the deviations of the vertical turbulent heat flux at the

underlying surface and the deviations of the water vapor density from its zonal values

they are assumed as known,

For the free atmosphere  (0<z<Hh),

ch_’(; from eq. (6) and rewrite it thus:

" as o first approximation, we discard

P L 4 c Pb v, ’ or .
9z X agsiné o

Let us derive the designations

[3% ] v (4 P’
— Py O = L2
V= aysin0 ' N

-129-
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e suad

We shall obtain

o ar or __
i rr 78 V—ﬁ- ¢

We shall seek the derivation of this equation in the form

r=m+(-F)52

The M(z, )) -function should satisfy the following conditions:

- — oM _ ar _ __ P (0)
when z=0 s 0 ( 0z =" ioFin ”’) ,

when Z=4 M=0 (T"=0),

inasmuch as et the upper boundary of the surface layer of its atmosphere the heat

fluxes are continuous, while at an h-altltude the temperature assumes zonal values.

We obtain ths following equation for determining M:

@ | ' —v¥ etV (1- Hirg 52

Oxl

Let us desiznate

? ’N_-@+v(1-—)ho—‘}5;‘,°—’.

then
M oM
g;? Va =N (55)

We shall seek the M-function in the form of a trigonomstric series

—— ey

(o]
M'=z u.(L)cos(u:l% z).

Let us substitute M into (55):

10“ 2’[—' =
N —vN —-5- —z|=N.
— \ 2 h z) V ‘ cos\—5— )
. 2 2%—-1 =
Let us multiply this equation by & cos (-—2 Tz)

and integrate with respect to z the thus obtained expression from O to h,

STAT

e ————
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C azj
—ZCOS-&T—"—ZdZ= A .
g =/

—1x= y—-1x=
F2C0s =5 hzdz,

2 e 0 8 P () 2)eos Y=t 22 do.
N,=-;— : zd. 0). — fV(l )cos zdz

Let us isolate the term containing Ay, in eq. (56), and then thls equation w111

-'be rewritten as:

a5 I T wt \"A., ——N,. (57

The asteri.sk denotes that the sum does not contain terms with j = n.

Let us dissociate all the known functions into & Fourier series:

=
Ay= X Aues
r-: x
A = 2 Au/’ ’
r-;:\- in ‘

rom—10

Let us likewise seek for a derivation of eq. (57) in the form of a Fourier serles:

m" -
Uy = 2 Ayl .

R eQO
The double asterisk denotes that the sum does not contain a term with k = 0,
since u,==0.

Obviously,
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In eg. (57) let us collect the teras with identical ¢ <powers

[7—1* i Z Agyy (k=) Bpp_n+

rom—Mm

+‘V 2 A (R— ')”nu—')”"Nf*'

. n r——l

Let us 1lolatn fron (58) the term with r = O .

‘(j_l')+'kA1‘qu+‘\ A k—niy_, +

r=—Mm

+12 2 Ay, k= ttypp =N

Fom—Mm

As a first approximation

As a second approximation

1 N,
A e e

a (k—r) AurNu(l—r)
nk ( —1 x

-
.g .
z ;
- 1kA + = [ E2T LY e, )

2 A, (k—1) Nyoa—n

i ;‘:>+:~A.~.11 P (= s eV |

\
Xnowing un, Y€ shall find M and the ™ values being sought. The integration

constant C in (54) is determined from the condition of continuity of 7' at the upper
boundary of the surface layer of the atmosphere.

Let us analyze the obtained results. In the surface layer of the atmosvhere
temperature anomalies develoDd chiafly owing to the diversity of the thermal propertiss
of the underlying surface, which -(properties) are determined by the deviation of the
turbulent heat flux at the earth's surface fronm the zonal values, As a consequence
of the continuity of the distribdution of temperature with altitude, heat advection and
water-vapor condensation in the free atmosphere also exert an influence on the
surface anomalises of the temperature, Howevar, the influence of advection becones

fundamental only in the regions where the values of the turbulent heat flux

approximate its zonal values, 1. e., on the boundaries betwsen continents
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and oceans. In all the remaining area the signs of the anomalies of températurs &nd
turdulent heat flux agreé. ‘

Owing to the contizruity of the lapse rates, the trermsl properties of the under-
1ying surface axert an influence on the temperature anomelies in the free a‘cmosphero.
here this influence &lso becomes fundamental, ZExperimental data indicate that up
to an eltitude of 6 kilometers the correspondence of signs between Tt and P'(0) takes

place in at lsast 70 percent or more of the cases. Therefore, the contribution

of the function M to T' in the majority of cases should te smaller than the contritution |“

of the second term containing P!(0). ‘
Unfortunately, owing to the lack of eufficiently religble preliminary data,

the quantitative calculations based on the above-deriveé formilas cannot give the

necessery accurecy, aré therefore, we confine curselves only toc a theoretical

examination of the problem concerning T'.
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Selecting the Wantitative Values of the Farameters,
Calculations of the zonal thermal field were mude for tae swmmer (April-Sepiedter)
and winter (October-larch) 6-month periods.
Let us begin with a selection of the values of the parereterc entering into the

expression for an effective flux of solar energy
: S=(1-DW,

wkich we refer to the upper boundery of the atm;phere.
Tor W, with a solar constant value of Iy = 1.91 calories/square centimster
minute, we have the latitudinal distribution shown in Table 6, according to Milankovich
5.
Table €
Latitudinal Distribution of Solar Radiation Reaching the
Upper Boundary of the Atmosphere

(W calories/square centimeter mirute)

o [Tatitude]

Period’ 40 0 60 | 70

6-onth |

--- Summer 0,587
;’ Winter

Durigg thakwam 6-month period W changes reslatively little, as it reaches a
maximum velue at the 20°—~latitude, while during the cold f-month period W abruptly
decreases with latitude, reaching zero at the Pole.

The albedo of the earth-atmosphere system, as calculated with e consideration
of the reflsction of solar radiation from the earth's surface, clouds, and air molecules,
has, according to Fedoseyeva @ , the latitudinal course shown in Tablse 7.

In the low latitudes the albedo is nearly the same during both 6-month periods.

In the middle and high latitudes, the albedo in winter is greater than in summer,

-1
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g
.

owing to the presence of snow cOver..

Table T

Albedo of the Earth-Atmosphere System ([ in percent)

*

o ﬁ;ﬁgﬁ,‘ﬁh 20—30“ 30—40| 40-50

Summer. 38 45 51
Winter 35 47 64

1

c e e - e m e — e e—— =

On the basis of Tables 6 and 7 we obtein for Sp the values cited in Table 8.

Table 8

Effective Flux of Solar Radiation (S, calories/ cme-minute)

1

i ” .
~Mont -
.ger;gdh : 10 20 30 \ 40 50 6 | 70

Summer 0364 | 0385 | 0,395 | 0,398 | 0,379 | 0335 | 0.282 034 -
Wwinter | 0370 0343 | 0206 | 0240 | 0173 | 0113 | 0050 0017

If the So-functior.x given in this mamner jg dissociated into a ceries according

to Legendrels polynomials

oo
So= N S, P () (59)

- Re=0
then the harmonics of dissociastion (59) will have the following values:
= 0,006, - for the summer
S0 * 0.335, Sgo = == 0.124, soy = 0.092, So6 ’
6-ronth period.
Sgop = 0.221, Sp2 = — 0.253, Sou = 0.032, Spg = 0.001, - for the winter
6 month period.
The subscript n assumes only even valuee, since oniy one henisphers, the
northern henisphere, is being examined,
In nrder to calculate the transparency functions 5,(x. 8 and D(x, 8 1t is
STAT

-135-

Py
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necessary to know the digstribution of water vepor dersivy ¢ in the atzgophere,

In order to determire the surface values of p the averaged 6 nmonths! perioed
values of water-vapor pressure (e) from the Climatological Handbook for the USSR, and
Phillips' data for the oceans were used; for the remeining land arsas of the earth,
the only available data could be found in the monthly charts of Szewa-Kovats [&’ for
Jamuary and July. After their avereging by latvitude, e, and p, were assigned the
velues given in Table G,

Table 9
Surface Values of Water-Vapor Pressure (e, millimeters Hq)

and Density (:ip grams/cubic neter)

o |10 | ot ® 0 | » 0
Summer 6-Month Period

17:3 12,6
‘ 219 \ 19.3 ‘ 16,7 123 \

Winter 6-month Period

220 208 | 160 | 107 | 7.1
21 | 157 \ 108 \ 74

The given values were used to compute the pressure e of water vapor according

to the lmown formula

p==1,06 ——— r/u’.

l+ut

The zonal temperatures on the earth's surface necessary for calculating p were

taken from [35/ for July and January (Table 10).
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Table 10

(Y

Zonal Temperaturss at the earth's Surface 35/
= .

> -
LR

TE-Honth —
. Peri.od 16 50 76 o _
| Summer 299,1 291,1 . 902 ~ T

‘Winter 2984 %653 261 i

e o o e @ eanle—

PRMSRSEIY W

The temperature correcticrns for e were found to be insignificent, and therefore
it is unimportant that mean monthly temperature valuee were taken instead of the mean
. gemianmual values,

Mhe dissociation of p}, into series

. [
Po”E?oaPa(’)i (60)
=0 .

yielded the harmonics of “Pos in grems/cubic meter for the surmer 5 month pericd

4 .
e

Poo = 15:2; Py = — 13,8; Py = 243 P = 1,3;

and for the winter 6 month period

3

=11,4; Pcz”'w‘l; pu==5,8; p“=—2,4.

Poo

The vertical profile o:'._’ p ves approximated by the exponential function

p=pe | (e

For the determination of the dependence of the coefficient o on latitude and
season, Nekorenko's calculations of the distribution of relative humidity q in the
atmosphers up to the altitude of 5 kilometers over the followirg stations were used:
Xcko-Solo { = 9%22°N; A= 799531%7), Rensokola ( = 30025!X;h=87°13W), Trimso
( o= 69°421N; A 19002), E. Lorg, based on the date in [GQ.

The averaging of ponthly values by 6 montk periods led to the obteinment of

the q values in grams per kilogram cited in Teble 11.
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Table 11
Vertical Profile of Specific funidity

( q in grams/kilogran - upper line; lg—"q2 - lower line )

g in kilometers
001 | 05 | 1,0 | 20 | 30 l 40 l 50
Tunmer b-Month reriod

Station

" 165 | 147 | 110 4 7
Koko-Solo 0041 | 0079 | 0204 | 0498 | 0505
s

Rensokola . 129 109 77 2
0,041 o,l14 0,255 43 591

Tromso . 48 42 31 4 6
—0,046 | 041 ‘ 0,176 ,279 46!
Winter 6-Month Period

161 | 140 99 6.0 o
Koko-Solo 0 0041 | 0079 0230 | 0447 , 77
4

]
Rensckola 72 63 59 43 30 X .
0 0021 00791 0204 | 0330 708

Tromso 28 28 1.3

25 18 , 5
| ] 9 0041 { 0176 | 032 544 | 0,748

L3

If the values of g ‘!3. ars plotted on & graph as = function of altitude for
various latitudes and seasons, it will be found that the seasonal and latitudinal
fluctuations in Ig gqﬂ are not large (Fig 10). This confirms the assumption about
the 8, ~independence :;f fa. Therefore, lat us select a single mean value of the glope

of the 'g ¥ _~curvs toward the z-axis, equal to 1,4* 10-6 centimeters=t.

Consequently,

et s e

g=qo- 10—!.(-10“18 g ‘e—o,zz.m-i,_

. s 4 $
~ - Pq 1 —hf-f-w-lo- )8
p=e m— m”q.e = g

B

therefore

—1

emm K +032. 107" =0,46-107% o™ ‘

g b ST e

with a mean atmospheric temperature of T = 2us°,

PR -t

-138.
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e
05
Fiz. 10. Vertical Profils of .ig ,:.a. :

1
1. ¢ = 9°22'¥, winter 6 months; 2. The samé summer 6 months;

3. @ = 30925'N, winter & months; 4. The same, summer 6 monthe;

5o @ = 6goL2'N, winter 6 months; 6. The same, summer & months.

The approximate squarings in (17) are based on the Geussian formla. The points

xj in the (O.976-0.000)-interval were selected in the following manner: 3 pointse are

taken from X, = 0,976 to the condensation level (x = 0.665, z = 1 kilometer) and

4 points are taken beyond up %o X = 0. This gives

Xy X x3 E 7 £ ]
0,941 0,820 0,702 0,621 0446 0218 0,047

s

( correspondis to the height of the surfece layer of ihe atmoephers z, = 50 meters).
o 0=5

In the calculations of x it was duly considered thet Hann's empirical law governs

water vapor pressure rather than censity.

The cualculations of the trermsparency furction for shert-wave radiation 5,("- 8)

are based on Moller's formula for the depletion of solar radiation by water vepor

AS =0,172m**® .

STAT
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By roans of this formula, Table 9, end formule (61) it was possible to find the

dlstrivution of PD. at verious altitudes and latitudes {Table 12).

Table 12
Verticel Profile of the Transparency Function for Soler Rediation
[ .
Q|10|20|30I40|50|60|10
Surmer b-Month Period

X z

o000
Og-‘
=4
(<,

gEeges

_g

Winter

1
0,926
0416
0,912
0,908
0,907
6,907
0.907
0,907
0,907

g—

g8

.°.°
=88
ooo
23

Q©
-4
(=]

0,
0
0

ooe
&

888

L4 O &
-
BEERR
000PE0009

BERERRI2E
goo

E

The greater is ths quantity of water vapor in the air column traversed by the
solar ray, the lower is the value of the transparency of —fs' Therafore, the trans-
parency function increases with an increase in latitude during the cold 6 months
somewhat more than during the warm 6 months, this difference being more considerahle

at high latitudes.

The dissociation af B,(x, 6) into 2 series according to Legendre's polynonials

e e DL A e} e LS A e

Rt o T A AT L

i

‘gives the values of D' x) harmonics cited in Table 13.

ik

Wl

R AR
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Table 13

ses of the D, {(x)-Tunctio

x Dy Dn D _I_)n.__bm__ bﬂ j,,__

pepeh————

Swwmer 6:Month Period Winter 6-Month Period _

0,000 0 0 1 0 0 0
o 001 01022 —OIW g on925 0.041 -0.002 A
0,026 | —0,006 0913 | 0045 | -0.0m
oot | o 0,034 | —0008| O 0905 | 0044 |—0,008
0,035 0,039 | —0010| 0 0501 | 0,051 |—0.008
0063 [ O. 0042 | —0011{ 0 0895 | 0,055 | —0,008
0,159 | 0. 0042 | —oo11| oos | 0895 | 0055 | 0008
0308 0040 | —o012| ooos | 085 | 0use | —0.007
0,631 040 | —0.014| o006 | 0895 | 0054 | 0,007
1,000 0039 | —0015| 0007 | 0895 | 0054 |—0.007| 0022

By meel.ns of Table 13 the terms in egs. (',75 .and (39) dependent on the flux of
solar energy (Teble 14) were calculated
Table 14
Values of the S -end £ -Functions

ia calories/square centineter minuta

So S, l Sy & 2! l &
Summer 6-Month Period

—0.110{ —0081| 0005 | —0001] 0012 {—0008
Zo110{ —0082| 0,005 | —0001| 0011 }—0007
—0.110| —0,083| 0,005 X 0010 !—0,005
_olll]| - 0083 0,005 ! 0.009 ‘—0.004
—0.112| —0,083| 0.005 . 0,008 | —0003
—0113] —0084| 0005 | - O 0,007 ' —0.004
—0.114| —0,084| 0,005 ! 0006 —0.003
—~0118| —0,088| 0,006 Y 0003 —0,002
—0124| —0,002| 0,006 0,000 1 —0,000

Wwinter 6-Month Period

—0,2267 0029 | 0001 | — 0, 003
—0.227| 0029 | 0001 | —0003
—0,228} 0,02 | 0001 | — 0.002
—0228| 0029 | oon —0.002
—0230) 0029 | 0001 | — 0,002
—0231; 0029 { 0001 | - 0,002
—0.235| 0030 | 0,001 0,002
—0,244] 0031 0001 | —0,002
—0,253| 0032 | 0,001 0,000

Rl il s

ik TR

From Table 14 it is evident that the consideration of the 1atitudinel ccurse of
STAT

ZECr

e

Edh

L

-1ul.

gl ey

%‘

S .
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f bo ., latisi jer and small
water vapor density (Larze quar.tities of water vapor ab 10w lauis ler ar

uan-ti < T a .1 naceg 1 acs b“ a lessarli cf the conuT aSb iu Hk-a < 1lu- 0-‘
q ties e-t h-‘; - ) ng

g 1 4 n on 0
] q

and &, were obtained from (zu).

e b £ L ries (3:%) and (3u!'%),
The §, -harmonics, jus® 1i%e the harmonics of the se (3

were calculated by means of tne following relation

EG‘P qunp = EC“P (]

which gives (with n egual to O, e, W

Co= ayby -} 0,200a,0; + 0,111a.54,
€3 == aobs -+ bea, -+ 0,286 (2,04 +a,b.) + 0,286a,b, -+ 0,145a,b,,
co==agbi+ab,+ 0,514a,b, -+ 0,259 (a0, + B,a) + 0,162a.b,,
0y =0,45% (@bt 62 1+ 0,202a:b. ...

The calculationsof the transparency functicn for asmospheric radiatiori ‘f (x, 0)
are baced on formle (130) in Chapter I. These calculztions are made exactly in u.e
same way as for B:(X, 8),, and they are presented in Table 15
| Table 15
Vertic=l frofile of the Transparency Function feor

3 o s PR ™ é
Atmospheric Radlation £t Yarious Lativudes

-]

¥

o|wk20\30_4o_.5o 60 |
l

Sum-mer 6-Month Period

1 1 1 1

0,192 | 0206 | 0233 | 0267
0,153 | 0163 | 0,188 | 0.215
0125 | 0,138 | 0.161 | 0,188
0,120 ! 0,130 | 0,155 | 0,10
0.118 | 0,127 { 0,151 | 0.179
0.116 | 0126 | 0150 | 0177
0115 | o125 | 0149 | 0,176
0115 | 0124 | 0148 | 0.175
0,115 | 0,124 | 0,148 | 0,175

R ST T A

FER TSRS

(o]

ial

i
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T et dind

inter 6:§25:§_§eriod

t

i

1 1
0631 | 0.184
0308 | 0,145
0159 | 0120
0063 | 0114
0035 | 0.112
She | o
004
- 0001 | 0,107 0,127 19 0,332
i 0,000 0.1(\7 0 127 0.159 0,188 ,232 0,332

- |
53
>

1 i
0245 0,280 \
0.234
0‘2(!4 i
0.194 |
0,192

coooLeLe
T e e et s o
—-—-NN%
Tn=on

[~
-
——

- s
o

The dissocietlon of D (x, 9) into series (29) gives the velues of Dp(x) harmonics
cited in Teble 1€.
The letitudinel course of the opbical mass of the atmosphere leeds tOo an
jncrease in the t{ransparency function for long-wave radistion with latitude. In
winter thie effect is nmere distinctly expressed than in summeT.
Table 16

values of the D (x)-—“unction
xTDo\Dz‘m‘DS. DO\D,\D.|05
Swmer 6-Xonth Period Winter b-Month Period

1 1 0 0 - 0 1 0 0 ]
0,31 | 0228 0.104 | 0.007 -0,016] 0262 0,166 | 0.007 0010
0398 | 0,183 0.100 | 0015 —~0004 1 0218 0.166 | 0012 0,010
0.159 0,158 0093 0015 |—0,004 0\96 0,166 0,024 0.010
o063 | 0148 0092 | 0015 -0,0)7 0187 0.164 | 0028 0,010
0035 | 0.145 0092 | 0014 —0007 ! o186 | 0164
001V 0145 0,092 0,012 |0 007 0,184 0.164
0,004 | 0.142 0,002 | 0012 —-0,007 § 0,183 0.164
0,001 0.142 0,092 0,012 —0,007 0,183 0,164
0000 | 0.142 0092 | 0012 |- 0007 | 0183 | 0.164
—0.200 | 0129 0,086 | 0012 —0,006 | 0,170 0.163
—0.400 | 0.121 0,085 0,012 —~0,010 | 0,156 0.162
-06u0 | o.Ml 0082 | 0011 —0014 | o150 | 0,160
—0,80) 0,078 0,010 0,028 —0026 | 0,139 0,158
. —1,000 | 0077 0,054 | 0019 —0,019 ] 0,131 0156 035 0016

For convealence in the integration of expressicns jrcluting the zero (th)
harmonic Do(x‘,-, tre loszter 1s approximated vy the sum of five exponential functions
of x. Since Dolx) corresponds to the 1atitudinally averaged optical maes (@) of

+he atmosphere, tnerefore

1 ]
Dy(x)=0.2 2 R

=l
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Yor the summer 6 months, Vs 3.3; for the winter 6 months, ﬁ = 2.5
The ¢, ccofficients have the following volues: ¢ = 0.133, 2, = 1,250,
a, = 17.000, «, = 76.700, and @ = 1,080.0.
The ealculations based on formla (62) yield a satisfactory agreement with the
tabulated values of Do(x) (Table 17).
Table 17
Values of Do(x) Based on Approximation Formula (62)

Honth]| ___*
,?e,;’od | 0976] 0.941] 0820] 0,702] 0,621 | 0,446 | 0218 | 0.047 | 0.000

Summer | 0,431] 0,358 0,280 | 0,240| 0,211 0,177 | 0,150 ! 0,137 | 0,132

Winter | 0,455 0,376| 0,302 0,258 0,235] 0,199 | 0,170 | 0,154 | 0,151
' |

Into the values of m,Eand conseguently also of x, there is not introduced any

correction for the dependence of the transparency function on the pressure and

temperature of the medium traversed by the ray, for the reason that this dspendsnce

is extremely indeterminate in the quantitative sense, especially for the case of
two absorbing medla, Therefore, it does not seem expedient to consider this dependence,
since the introduction of new parameters with non-substantiated quantitative values
would not improve the accuracy of the calculations.

The approximation expression (62) 1is uscd for calculating the integral

fK(x, y)dy and f,(x) in set (47)

The calculations of the q_ua.ntity of the heat of condensation bdeing liberated
in the various latitudinal zones were based on the assumption that, in every latitudinal
zons, precipitation is equal to the amount of the condenssd moisture, i,e., there is
no interlatitudinal transfer of cloud masses.

In eq. (21) the term associated with the heat influx casused by condensation has

the form

Whence:

& ()= — L xpy (x — 2).
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where x' iz condensation level,
"By egusting precipitation r te the awou-t of the roisture telng condensed

throughout the eatire height -of the atmosphere, we obtain

!
- s

£ *Py
r==x [ p,e‘“dz=—'—- e
s

4 e e mee —emrwmme  mea—memn  m e weewam oy T

From the expressicn for the nth harmonic of r we obtain

(xp.)l =1, .Ce“' °

Yow the harmonics ' ¢ (x) and Tp are readily associated:

O, (X)=— Lre® (x —x') (63)

The zonal distribution of precipiteticn at the earth's surfece was taken from
hoiler /71—_’7. In summing up his seasonsl data we obtein the precipitation distribtution

by 6-month periods cited in Table 18,

Tavle 18
Precipitation Distributicn by Latitudes,

(in nillimeters)

flfonth Period

Winter

-~

3

Tne velues of the annual totzls ir Table 18 agree satisfacteriiy with the anmal

totels of precipitetion cited in the data of Meyrardus and L'vovich, generalized
by H.I., Budykoe Ll_ . The greatest divergence occurs at the egquator, vhere it amounts
to 12 percent,

After dissociating the data in Table 18 into a Legendre polynomiel series we

obtain the followlng values oI the harmonics of 1, in centimeters=l mimitss-l . STAT

—45-
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TPor the summer 6 months

re=16,90-107°, r, = —12,23.10~°, r, = 1,32 1075,
re==—837.107%, r,=5,73-10"%;

Yor the winto;' 6 months
r,=1588-107%, r, = —9,55. 10;“, re=0,22.107%
Fowm —9,16-107%, r,=6,14.107%,
The altitude of the condensation level z! was selacted at 1 kilomster.
By means of (63) we obtain the altitudinal distribution of the harmonics of
®,(x) cited in Table 19,

The 6-month zonsl sums of heat losses to evaporation are determined oy m=ans
of monthly charis of eveporation from the oceans, plotted by L.I. Zubenok, and annual
totals of evaporation from continents m « In this connection, it was assumed that
north of Latitude 300N there is no evaporstion from inlend areas in the winter & months
while south of that latitude, (including Latitude 300177 the annual totals o
from land areas are about equally divided between the two 6-month periods.

results of the calculations are cited in Table 20,

Table 19

Values of &, (r)-Function in calories/square centimeter-minute

x & T e, . o, o 0

Summer 6-Month Period

!
0,73 - 10-3 —0,533 - 10™2 | 0,575 - 10~3{ —0,365-10~2 0,249 - 102
353 ~2,560 2,770 —1,760 1.200
717 —5,150 5.600 3,560 2435
g,go —7.200 7780 - 4940 3350

10,70 -~7,740 8,370 —5,300 3,620

Winter 6-Month Period

069 - m-*' —0,415 - 102 [0.096 - 10~3| —0,400.10—2[ 0.267
3.30 ~1.985 0,459 —1910 1,275
6.67 —4,020 0,932 -3870 2,580
9,26 —5,570 1.288 —5,360 3,590
9,90 —6,000 1,388 —5,780 3,860
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Table 20

Heat Losses to Evaporation LF in kilocalories
; 6-Month ¥
* Periods | 10 | 2 30 40 50

. - I
Summer 34 37 47T | _47 | 50

Iv{inter_] 38 35 33 4] 3

The harmonics of series (27) have the following values:

for the sumner 6 months

i el i Sk I Pt g e e ot

F,=0,153, F;=—0,035, F,= —0,107;

for the winter 6 months

! F,=0,053, F,=— 0,148, F,=0,053. \[
The altiiude of the first layer, inside which layer the heat fluxes may De
considered cunstant (quasistatic surface layer of the atmosphere wus assumed to bes

equél to 50 meters, Above that level, in the troposphere, it was assumed that

¥ =(T)*+ 203 ca1/cu? nin. degreest In eq. (25) thic yields b = 0,20 calories/

square centimeter-minute-degree. In the stratosphere; A’ decreases with altitude
until it reecnes O at the upper '?ounﬂary.
In eq., (25), for the suumer 6 months
n; 0.535 - 1073 minute-degrees/calorie when T, = 296°

For the winter 6 months

1
n= 0,537 - 1073 nimte-jegrees/calories when T, = 285° !

To\8
Let us construct the vertical profile of the N@x)=1n\" (79) x function
3
(Table 21)., The mean tenmperature profile for summer and winter was taken from

3.

1 Such a form of X cor-esponds with the accepted representations about *he verticel
profile of turbulence characteristice: the constancy of .\ in the lowest kilometer,
and the observed values of the exchange coefficient at the 3-U kilemeter altitude

~ (%0-70 decrees/centimeter second).
STAT
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Table 21

‘Values of the N Function (in centimeters-l)

6-Honth Period

Summer

N

0,535
0,500
0,430
0.356
0315
0213
0.095
0016
0

For calculations in the surface layer of the atmosphere the value of the
equilibrium gradient was assumed B=6« 10-5 degrees/centimeter. Its gquentitative
vulva for the free atmosphere is not essential for this problem, Actually, above the
surface leyer of the atmospnere 8 is a function of an altitude z, tne form of which
is unknowvn ab present. Therefore, in the celculations, '5‘ nay be assumed equal to
a certzin constant valus for 21l =ltitudes, Thus, e.g., if above the surface layer
of the a2tmosphere = 0, then » = :LO3 (—7!.-;)‘ calories/centimeter-minute degrees
in the troposphere; with the same tempercztura distribution in the ataesphere for
other values of B, we obiain the vulues of )\ cited in Table 22,

4

Table 22

Values of the Function ¥z 1073

Summer 6-onths Winter 5-Months
X ‘ X5 I X7 X I Xg ' X7

100 100 084
132 1,00 1,30 1,10 0,51
3,70 2,00 3,10 2,80 0.72

— —_ —_ — 2,00

Hence, it is evident that in the formula (11) for the turbulent flux P a change

¢

in the value of B is compensated Ty 2 change in the value of A’. Inasmich as for
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the free atmosphere the exact valus of A and its vertical profils are likewiss
unknown, the calculatioas may be made after having selected any one of the gbove-
cited distributions of f and A, For simplicity, the first-listed of these
distributions, i;e., E' = 0, wae selected, Here, it i1s essential that the magnitude
of the turbulent heat flux is independent of the thus selected p end N s Since it
is determined by the remaining components of the heat balance of the atmosphere,

The data on the coefficient of horizontel exchange A‘P was taken from [6?7,
which contalns a table of its annuel veriations for northern letitudes from 35 to
70°N, for the period from 1928 to 1937, and also from 1_7_67.

At latitude 35°1~I the mean value of that coefficient for the summer 6 months is

-~

Ap=4,47 . 10" centimeters=i gram seconds~1

~

and for the winter.s'monthl

A,=5,16-10" centimeters~l gram seconds=l

Since k”=C,Av therefore, the latitudinally averaged X’ for the summer

6 months is

M =6,46 - 10* calories/minute centimeter degree
!

end for the winter 6 months

-
V=7,43-10* . calories/minute centimeter Gegres

According to ﬁg-/ , in the troposphere

) A =1,6.10" calories/minute centimeter degree in Hay and

; N=79- 108' calories/minute centimeter degree in Februery.
In the stratosphere the values of )" are smaller,

The vertical profile

o(x)=H(x)— Hxe)

ie approximated [TL/ in the form:

p(x)=Dpe™" "
‘ .

The “cllowing wvaluss were selected for the calculations:

-149-
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Tor thé summar £ monthe

g, = —0,29, ps=---2,00, py= 12,05, p, = — 10,16, r, =38,
ry=10,0, r;=18,0, 7, = 21,0;

For the winter & months

Py==—0,0253, p,=x—0,0658, py=—0,1392, r, =044, 7, =69,
ry=170

With such valuves of p; and r, A"(x) 1is of the srdsr indlcated above: \"=0
vhen x=0.
The Calculation of the Zonal Disiribution of Tsxperatures and of the
Components of the Heat Balance of the Aimosphera. Analysis of the
Obtalined Resulie,
Let us procesd to construct the set (47) which deternmines the 9,(x)l-functiecn.
The weights of hj corresponiing to the selectz2d poiats X3 have the following
values:

A A, A Ay Ag=Ay A Ag
—0086 —0,137 —0,086 —0,115 —0217 —0,115 —0,022

Then, the velues of thes function —ijl(xi- xj) are reduced to the values in

Table 23,

Table 23

Values of the AJK]_(xi x3) Function
Wi
0,941| 0,820} 0,702] 0,621 | 0,446] 0.218| 0.047| 0,000

Summer S-tonth Pericd

0,030 0, 0,019] 0,023 0,035) 0.030] 0,015
0,083 0. 0,020} 0,023 0,033 | 0.032| 0,015
0.024{ 0. 0025 0,029 0,042} 0,031| 0.016
0.020 0,u39] 0,052 0,039} 0.017
0017 . 0,115} 0,059 0.041} 0.020
0015} 0. ! 0,0311 0,217 0.053} 0,022
00131 o. 0,022 0,052 0,217 0.032
0.0t1 i 0,020| 0,042 0,059 0,116
0,011 0,0i8] 0042] 0,055| 0,042

E-
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Winter 6-Month Period

0,976 , X 0020} 0,024 0.039; 0,033} 0,017
0941 | 0084’ 0032} 0021 | 0.027] 0,041 | 0035} 0,017
0820 . 0.026§ 0,031] 0.646} 0,038} 0,018
0,702 0,085 0. 0,055 ©.0421 0,020
0621 | 0. X 0,029 0,062| 0,045 0,022
0,446 ,029| 0,022 0,214 0,058 0,025
0218 0.017 0.058] 0214 0,034
0,047 | 0. 0,014 0,0; 0047 0,063 0,115
0,000 \ 0,045 0,058 0,044

REsoccoee

©

The j K(xjy)dy-integrals calculated from [62 2/ are cited in Table 24,

Pable 24

oy
Values of [ K(xyy)dy

*

_6-Yonth | 9076 | 0041 | 0,820 l 0,702 | 0621 l 0446 | 0218 ‘ 0,047
"Period |

Summer |[—0,191]—0.205|-0,230{—0 245‘-0 251|-o 955|—0,243|—0.217
Winter [—0,208]—0.224|—0,245!—0, 2651—0.271‘-—-0.276 —0,263] - 0,236

The functions entering into the free term .fg(X)

ay=[Dy(1 —x)— AD,(x—1)]

14

Xy

oy /IADo(x+y—1)—-D.,n+x-—y|1
! i

have for various xj, the values cited ia Tadle 25,

Table 25

Velues of Functions a; and a,.

Surmer 6-.‘onth Period | Wirter 6-Month Period

R YA S -z A b

L

a a

0,225
0,185

0,120
0,108
0.0%0
0 076

TS w1 S A £ e[ P o AT

[ T et Far Ay e 7 e

v

]xi'
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Tet us write set (47) for n = O for the two £ month periods

X (2) Summer 6 months
0576  1,225Ce — 2 A K (50y %) 715,) + O,11TF, (O)IZ
0,041 04529, — S AK, (x, ;)9 (x))-F0,127F, 0+ |
7= ZAK 240,185C,, = 0,144
0,820  0,3529, — 3 A K, (%,, x,) 9 (x,)+0,138F, (0) +
92— 2 it &y -#0.1436,,0-——80,146
0,702  0,306p, — > A K, (x5, x,)9(x,)+0.149F,(0) +
069, — 2 SKi(xy x) (—*/-0,120C,°-—30.147
0,621 02479, — 2 A K, (X0, X,)% (x;) + 0,139F, 0) +
7 24K (e 5)7 {0,108C,o = 0,156
0,446  0,0819, — X A,K,(x;, x,) ¢ (x,) 4 0,190F, (0) +
+0,090C,, = 0,187
0,218 — 0,039p, — X, A K, (xe, x,) p(x,)+0,251F (0) 4
e 1Ko 1) L 0,076C,, = 0,227
0,047 — 0,0559, — 2, A,K, (x5, X;) ¢ (x,) + 0,362F, (0) +-
1T ZAK Gz +0,069C,, = 0,266
0,000 — 0,023¢s — X A ,K, (0, x,) % (x,)+0.993F, (0) +
o= BAK O, %) 4 0,067C,, — 0,289

X, { (b) Winter 6 months
0,976  1,198Ce — X AK) (X0 X7) 9 (X)) +0,134F, (0)I =

0,041  0,5169, — S A K, (x,, x,) 9 (x;) + 0,135F, (0)+
7= 24K 5 %) £ 0,164C,, = 0,145
0,820 04055 — 3 AK, (xy, x,) © (x;) + 0,156F, (0) +
7= 2AK G 3, £0,132C,, —0,146
0702 03679, — 3 A K, (%, %) 7 (x,)+ 0,167F, (0)+
7= 2AK (5 27 40,112C,, = 0,146
0621 0,249, — I AK, (x,, x)) 7 (x;) +0.178F, (0) -
+ 0,102C,, = 0,154
0446 0,119, — S AK, (x5, X,) 9 (x,) + 0.208F, (0) +
o — DAK) (%5, %)) 9 -11-0,0886,,0-—0—0,181
0,218 — 0,0170 -— 3 A,K, (xe, X,) 7 () + 0,269F, (0) +
7o = DAKi (5 x))7 X 0,074C,= 0,218
0,047 — 0,0480, — 3 A K, (1, x,) % (x,) + 0,380F, (0)+
71— LAK (x5 +0,067Ca = 0,252
0,000 — 0,0245, — 3 A,K; (0, %) 9 (x,) + 0,990F, (0) 4
nBAKO %) 2 0,065C, o = 0,267
Condition (49) yislds for the summer 6 monihs

" 9g(x,) == 1,870C,, + 0,115,

and for the winter 6 months

90 () = 1,700C,, - 0,100,

r
1 |

if it is assumed that in the quasistationery surface layer of the atmosphere the

vertical turbulent heat flux P is proportional to '\g—:-{—ﬂ-

-152-
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Egs. (64) ani (65) together with (49}, £51) and {52) represent two sets of
12 equations each of whick gives F (0), Cogs Cr0, and 9 values of Zp(x,) (Table 26).
Table 26

Characteristics of the Fp(x)-Function

' l :
6-M?nth o(x)| o | L ) l Ta| |9 %6 | %7 | 9 ' Co
' Period

Summer  |0,1920,0840,090 0,087 0,096,0.208/0,454[ 2942 O 10,044
Winter |01820,086,0,0860,0810,0940,172/0,4462.363] 0 |0,048

R

Now, by means of (48), the altitudinal distribution of Fo(x) (Table 27) is

readily obteined,
Table 27

Altitudipel Distribution of Fp(x)

z in kiloretere

.\{th -
gerg?zd|°'0°5l | 2| 3] 4 618 ]1w0]i16

-

Summer | 0,585 0,561 0.530| 0,497 41 |0.266 02121 0,132{ 0,124 -

0,455 | 0.411
Winter 0539l 0,515] 0,493 0,463 0 438 | 0,388 0,228 0.182| 0,125 0.120
' |
| | .

In order to obtain sets for nm£0, ‘the following terms should be added to the

right-hend portions of egs, (64) and (65):

—n(n41) 2 A, [H (x) —H(xp) 2. (%)

—n(n41) Fy (%) [H(x)— H (%))

The free terms of the sets are composed according to formula (U43) by means of

Tables 13, 14, eand 13. With n#£0, the functions being sought assure the values

cited in Table 28,

e

it a3 pnmesey T et

shat U LS L
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Table 28
Characteristics of Fo(x) - and Fy(x) - Functions

7(Xu)l Bl ln|wn l ) l % l % | @ Lonlfu(o)‘ Cin

Summer 6 Months

21-0,0921-0,072-0,071 |-0,063 !-0,079] 0,071!-0,051]-0,641 -0,0421-0,013, -0,153
4] 0,033| 0,033 0,029 0,024| 0,030| O.OISI 0,012} 0,019 0,018] 0 l 0,025

Winter 6 Months

21-0,065 |-0,038 1-0,039 1-0,037 |-0,018 0,081°-0,172[-0,930] O | -0,039; -0,030| -0,200
4|—0.03" 0,020-0,021 I-O 025 |-0, 027| .033 0018 -0,047| 0| -0,019; -0,007| -0,03!

Now it is possible to construct series (3U'') and (3h*''), and elso the F(x, b).

function., The values of the harmonics of ‘C. and 'Q, are cited in Table 29.

Table 29
Values of the _._Cn‘- Qs ~ Functions

& & 2,

Summer

0,001
0,001
0,00t
0,001
0,001

0,000
0,001
0,000
0,000

11
cobbboo
3288

sg2888

8888

gg8

58

Wintor 6 Months

-0,001 0,017 0,001 0,000
-0.00! 0,017 0,000
-0,001 0,017 . )
-0.001 0,016 0,000
-0001] 0016
-0.001 0,017
-0,001 0,018
-0,001 0,014

0,000 —0,002

|
g8

o
!
88

g885E

0,010

 —

After the terms associated with F(x, 0) in (39) are cdetsrmined, it is possible

to calculate directly the emission function E(x, ) with vhich we are concernsd.

Py R Ty Y

’ﬂ'

The values of the 'li,(x) -gradients and the integration constants for the En(x)-

function are presented in Table 30,

PRI

STAT
154
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Characteristics of the E (x)-Function

Wt ) | s b | | s Con Cin

Summer 6 Months

0,194] 0.082] 0,082} 0.0821 0,083| 0,190| 0 435] 2.200 0042] 0.162' 0595
-0,077|-0,076|-0,074|-0.074 - 0.078]-0078-0,66| 0.000|-7.00 |-0.041{ 0,069 -0,167
00211 0.022] 0.018] 0,018, 0,015 0,015 0,012 0,0211 0 | 0,011] 0,006 0,018

Winter 6 Months

0 | 0.175| 0,078; 0,076] 0,076} 0.082| 0,148 0.389; 1,862| 3,200] 0,044 0.153 0,535
2 |-0085|-0,041'-0,036|-0,038]- 0,031 -0,063|-0.178| 0,204 9.60 |-0045 053/- 0249 -
4 1-0,042/-0,033 - 0030I -0,030}-0,030|-0,038{-0,005( 0,037|-0,046{-0,025 -0,033

Formulas (26) and (48) [The latter being written in terms of the £, (x)-function/

provide an opportunity for finding the altitudinal distributior of En(x). The
calculations are presented in Table 3l.
' Teble 31

Altitudinel Distridution of En(x)

z in kilonmeters

0l0.05l1‘2l \4\6‘8\10‘!6

Summer 6 Months

3
H
41
i

)

1

M
i
il
g

1
LA

i

|
i
B
b

0607] 0584, 0549 0517} 0495] 0.456] 0375 0320 0.162
—0,175|—0,155 —0.137| — 0122'-0112 0,105|—0,009{—0.0194| —0,039] 0.069
0021] 0,015/ 0,009 0,007] 0,006] 0,006| 0,006| 0,006 0.006| 0,006

Winter 6 Monthe

0.547 0525! 0511 0,486/ 0456 0428 0352] 0,302] 0,203
—0,257]—0.235,~0,213|— 0,196|—0.176|—0,164| - 0,147|—0,136/ - 0,030 0,055
—0,038{ — 0,026 —0,014 ~0,011|—0,008|—0,007{—0,002—0,001| 0,000] 0,000

T A T gt PR 1

At the height of the surface layver of the atmosphere end at the earth's

I A
S BNG 1414

the emission function was calculated according to these formlas:

For the summer 6 montks

T ' i)

AF:

E, (Xo) = — 0,300C s + Cia»

Zivslese

E, (1) = 0,248C,, + Cy.;

T R

o
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=8 CesEESE

Tor the winter 6 months

E_ (x.) = — 0'26860- + CSI’

E, (1) =0,222C,. + ..

[Whenn=0), tho % Inx tern adis 0,002 more to Eg(x}/.

The gradients of the emission function in the stratosphere ¢ (0) prove to be

oY=y ok it

larger owing to the smeller guantity of water vepor. As it isevident 2ven frod

Tabla 30, in the siralos; , ‘emperature decreases with altitude at the equator and

increeses at the pole - as is observed in reality. This determines the characteristics

L e 7 2 2 3

of the latitudinel course of ‘beupei‘e.ture in tre strutosphere.

Let us compare the vzlues of the sums of IE/P, with the cerresponding values

5 R R~ i

of the suns of LE/P, [sic/(Teble 32).
Tsble 32
Components of the Emission Function E(z.9)!

" F(z.y) (upper line); E(ze) (Lowsr line )

Y |——
kilometers 30!60‘93_0'30‘60 90

Sumner 6-Months Winter 6-Months |

0,685] 0599 0.463 0436 |0649) 0,580 0.385 0.258
0026] 0024 0,016 0004 |o0032| 0015 | -0.020 -0,042

0, 0,465 0,396 0368 | 05!6] 0.461 0.336 0,263
0%2? 0,042 0,029 0021 | 0,030} 0020 0,005 0,001

6 |ooss| 0269 | 0213 | 0234 |o259| 0238 0185 | 0152
0,141] 0,116 0.070 0,042 | 0,165| 0133 0,075 0,051

10 | 0.140! 0.132 0.124 0.124 o0142{ 0129 0,104 0,091
0118} 0,107 0,083 0079 |0,076| 0078 0,080 0,080

- 16 1 0,132| 0,132 0.116 0.116 10.135| 0124 0.101 0,089
-0,003| 0019 0.089 0,12t J-0,009} 0,022 0,086 0,119

t -
The condition E(x, 8) L F(x, b) postulated on the basis of takizg into account
the latitudinal Cependerce of the opticul mass of the atmosphers, is
throughout all space excerzt for the stratosphere atove the role.

The altituiinel iisiribution of the harmonics of Fp(x) cited ir Table 33 was

used for the ccasiruction of F(x, 6).

In calculating F(x, "’)_._ after having assumed that 9(0)=0, we obtain at the

-156-
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16-kilozeter altitude a temperature distributior aprroximately the same as on the
10-kiloneber eltitude, .04, ve oblaln an.ilsothernsl lemperciure gist=it.ii0u ower

all stratospheric iatitudes (see Table 32).

Table 33

Altitudinel Distridution cf the Fo(x)- and Fy(x)-Functions

z in kilometers

"1 o _loos| 1 5 |3 | 4 ] 6 | 8 | 101 16
B er b Montns

0,029 0020, 0,014, 0010| 0007 0006| 0005 0,005 0,005

2 |—0.178 —0.15.4 —0,125 —0 105]—0,094] —0,080]—0.037} —0,022] —0,013]—0.013
4 ‘ l l | 0,005
|

winter 6 Months

—0,246'—0,222]—0,204|—0.184]—0,163] —0,133 —0,068|—0,050]—0,033 —0,030
3 \- 0.035i—0.026\—-0,021‘—0.016}—0.012 —0,010]—0,008}—0,007 —0.007‘—0.007

By meens of the harmenics of E,(x) fror Table 31, the temperature distrivbution

with eltitude in tke atmosghers at varicus latitudes (Teble 3‘4}is readily constructed.

Table 3k

)

Bemperature for the Kerthern Henisphere (Theoretical - Upper

Line, ané Experimental - Lover Line)

k4

z
’ in
kilometers 10 | 20 | 30 | 40 | SO l 60 I 70




~
-
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Winter 6 Months

206 | 291 | 283 | 273 | 262 | 249
296 281 | 270 | 261 | 252

291 278 | 269 | 260 | 251
286 274 | 266 249

281 263 247
281 268 | 261 | 255 } 250

276 265 | 258 | 250 | 243

264 245 | 237 | 230
264 | 258 | 250 | 242 | 236 | 232

252 1 232 | 226 | 219

225 222 | 220 | 217 | 216
235 223 | 220 | 219 | 219

202 214 | 218 | 221
199 | 3 209 | 215 | 220 | 222

Monthly charts of isctherms on various altitudes taken from Eff/ were used
for comparing the theoretical with the experimental temperatures.

A comparison of the calculated and the experimental temperature values indicates
that they agree satisfactorily. Thelr differences are less than 3 to 4 degrees
(except for the 10-k1:10meter level over the lower latitudes in winter). Obviously,

also the accuracy of the values obtained in this manner does not exceed this limit

either, 'Actually, the values of the parameters entering into the problem are determined

i
i
i
i
i
i

L
!
i
by

with insufficient accuracy. For example, such an essential parameter as the albedo

i3 determined with an absolute error of as much as 10 percent, while evaporation is

determined with an error of 5 to 10 percent, and so forth.

e

The calculated altitudinal distribution of the temperature lapse rates agrees

T dpaeg

with that actually observed. These lapse rates increase with altitude and reach their

g eIsE 2

=T

Rar i

greatest values, 0.7-0.8 degrees/100 meters, in themiddle and upper troposphere,
but above the troposphere they begin to decrease. They decrease with an increase
in latitude. In summer, in the lowest kilometer leyer of air, the lapse rates are
greater,

It should be noted that an inversional temperature distri’butiox; in the lowest
kilometer is found during the winter 6 months in the high latitudes, This also
corresponds with the experimental data,

The distribution calculated in this manner is cheracterized by a normal course

158 STAT
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J/

of temperesture in the stratcephere and by decreese in the glt’{h:de of tke %tropopauvse
polewerd froa the equater. This corresponds with real it'gr/: ctove £ ¥Wileneters, the
lapse rates over ilie equator are still lerge, but, over the pole they already assume
negative values. 4

In Table 35 are presented the altitude and temperaiure of tke tropcpause at
various latituées, as obtained from Table 34.

In our problem we have teken into accourt ail the siyrst-orier fictors conéitioning
the zoral distribution of temperature. Let us emphasize again that the values of
the regquired parameters were selected in a physicelly subsientiated manner, Therefore,
it should be ascumed trat in Table 34 are presented theoretlcally o'bta.in.ed values ¢
zonel temperature of the earth's atmosphere in the layer velow 16 kilometers,

Table 35
Latitudinel Course of the Altitude Hp in kilemeters and
Tenperature Tp (in %K) of the Tropopsuse

(Upper 1ine - calculeted values; lower line - ectually observed values

according to Flen)

6-Month" 20 | 40
Period |

Summer 15 | 14| 13
160} 15 | 13

202 | 206
198 | 208

14

Winter

15

15,8
202 | 206
203

Tl T e T L T T T e e e

Tne completeress of 3he factors ieken into account caxn te juiged also by the
satisfactory corresponéence beiween the calculated and the sctually measured temper-
atures. Such a ccrresponc - nrould =ot have teen possitle if certair basic factors
tad teen overlcckald in tze selected values of the pareneters,

in order to explain how tie atmosphere's temperature is formed let us invesiigate

STAT
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the individual components of the heat ‘balance of the atmoephere at various altitudes
by means of the fundemental equation in our probdlem, and let us evaluate their
contridution to the thermal regime of the atmosphere.

Gertain calculations in this direction already were made in 3.

Let us write the expression for the nth harmonic of the effective radiation of

the atmosphere. From (35) it follows that

0
(A, —B)= leg%"-dy-—E.(O) Dy (1 — ) — ADy(x — 1)] —
(66)

-

Son

x
~ 42+ /'K_——-————dy.
( J et zo-2)
|

Let us write the values of the harmonics of the individual components of the
heat balance at n = 0 (Table 36, in ca.loriel/ square centimeter minute) characterizing
the thermal regime of the entire earth as a whole.

%he four terns in the second columns of Table 36 correspond to the terms in the
relationship (66). Other, tables presented previously are used for the remaining

components.

Table 36

Harmonics of the Heat-Balance Components for

Yaricus Aititudss {a = 0)

=

Ay -5 So Ry
i - Summer 6 Months

-0,073-0,019 +4-0,001—0,009 —0,100 0,206—0,001 0,295
—0,074-0,021 + 0,001—0.008 -0,102 0,297—0,001 0,296
—0,083 -0,022 4 0,001 —0.066 —~0.110 0,299-0,001 0,298
—0,090—0.024 + 0,001—0,005 —0,114 ,300—-0,001 0.299
—0,099~-0,026 4- 0,001 —0,005 —0,129 .102—0.00t 0,301
—0,111-0,031 40,001 -0.004 —0,145 —0,001 0,3v4
-0,142—0,041 4 0,001—0.003 —0,185 8—0,,01 0307
-0,170-0,0 94-0,001—-0.003 —0,231 \ 0,320
-0,124-0,162 - 0,000—0,003 —0,289 0335

0
(32
L

cooo0
A A A At A

[\
[=X=X=)
PG 2 2

=Y=Y-1-Y-1-)

et ot s o ot e
BRI2GK

- e g gt
00ty
[T~}

o090
gE8
o

e ¥inter 6 Months

—0,058-0,021 4 0,001—0,009 —0,097 0,197—0,003 0,194
—0,071-0.021 4 0,001—0,007 —0.098 0.198—0,003 0,195
—0,076—-0,024 4 0,001—0,006 —0,1t:5 0,199—0,003 0,196
—0,084—0,026 4-0.001 - 0,005 —0,114 0,199—0.003 0,196
—0,092—0,027 4 0,001—0,004 —0,122 0,197
—0,107—0,032 4 0001—0,004 —0.142 X 0,198
—0,130-0,041 -} 0,001—0,003 —0,173 0,201
—0,154—-0,058 + 0,001 —0,003 —0,214 0,210
—0,111-0,152 — 0,001—-0,003 —0,267 i 0.221

T e e S e
0000009

FEERRLREE |
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From Table 36 it is evident that the mean effective radiation of the ttmo:pl;zi"c
for the earth as a whole increeses with altitude - evidently owlng to the dec:ease
in atnmospheric back radiation with altitude. The mean radiation balance Zecreases
with altitude. The contribution of the surface layer of the atmosphere to the
radiation balance is small, in summer amounting to 5 percent, and in winter, to
10 percent of the values of the balance at the earth's surface. At the upper boundary
of the atmosphere the annual total of radlation balance is equal to zero. The
anmal contribution of evaporation and cond:ensation to the heat balance of the earth-
atmosphere system also is equal 0 zero.

The annual course of effective radiation, like that of the turbulent heat flux,
fluctuates little at all altitudes,

At the altitudes of 0.1, 1, 2, and 11 kilometers, effectlve radiation amounts
%o, according to K, Ya. Kondrat'yev, 56, 66, 90, and 192 kilocalories/square centimeter
year, respectively LZ—L?_'/. or according to A. N. Lebedinskiy, 66, 72, 91, and 102,
respectively Ey. while according to Table 36, the corresponding values are 53, 66,
82, and 147, The correspondence between the values of fluxes in the troposphere
iz satisfactory. The values of outgoing radlation, amounting ¢to 192 and 102 kilocalories/
square centimeter year, do not correspond to & condition of radiant equilibrium with
a terrestrial albedo of 35 to 40 percent.

According to Baur and Phillips [Gﬂ the mean effective radiation at the earth's
surface in winter amounts to 5 end in sunmer, to 6 kiloca.lories/ square centimeter
month, and at the upper boundary of the atmosphere 1% correspondingly amounts to
14 and 13 kilocalories/square centimeter month, while according to Table 36 and
corresponding values for the earth's surface and the upper boundary of the atmosphere
are 4 and 4 and 1% and 12 kilocalories/squere centimeter month, respectively.

In order to evaluate the latitudinal course of the components of the heat balance
let us compile tables analogous to Table 36 for the renmaining harmonics. The values

presented in these tuples will setisfy the equation

R.+<D.—F.-—P.+n,=0' (67)

~161-
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or, wnich is the same thing, eq. (39) for function E, (F4[TT]) 45 horizontal turtulent
heet flux).

From Tables 37-38 ii is evident that effectlive radiation of tl2 atiosphere
decreases poleward from the equetor,

The decrease in water-vepor density poleward from the equator leads to a decrease
in effective radiation and in the flux of solar radiation in the low latitudes, and
%o an increase of these fluxes in tus high latitudes with respect to their values
with an aversge p- The equator-pole drop in the values of effective £adiation and
fluxes of solar radiation increases with altitude; in winter it is greater than in
sunmer, In this connection, il.c effective radiation of the atmosphere experiences
relatively grester variations then solar radiation. This, in summer, at the cartn's
surface, with an ;verage p, the effective radiation decreases poleward from the
equator at the rate of 0,052 calories/square centimeter minute, but with p decreasing
poleward, its rate is only 0,025 calories/square centimeter mimmte., In winter the
drop in effective radiation polewerd from the ecvator in the former case, amounts to
0.083, and in the latter cazse, 0,045 calories/squere centimeter minute. The
corresponding rates for the dérop in solar radiztion between the equetor and pole
are, in summer, 0,216 and 0,201, and in vinter, 0,321 and 0.3l celories/square
centimeter mimte, respectively, with an average p and with p verying with latitude.
Therefors, the consideration of the latitudinal course of water-vepor density results
in increasing the radieiion balence poleward from the equator, From the data cited
above it is obvious that in summer at the earth's surface, the drop in radiation
poleward from the equator increases by 0.012, and in winter, 0.0C31 calories/square

centimeter minute, or by 7 to 13 percent in relation to ite values with a msan p.
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~7 Table 37

Farmcanics of P.adiation.za}aﬁ'c;e Gox’n'ponents for Various Altitudes {n = 2)

A,— B ’ S3 Ry Py A

Summer 6 Months

0,036 — 0,008 — 0016 —0,1104-0,012 —0,098
0,037 — 0,009 — 0.017 —0,1104-0,011 —0,099
0,042 — 0010 —0014 025 | —0,1104-0.010 —0.100
0,043 — 0.010 — 0,014 X ~0,1114-0,009 —0,102
0,051 —0.011 — 0,015 X —0,112+ 0,008
0,052 - 0,013 —0,016 y —0,1134-0,007
0,057 — 0,017 — 0,015 : —0,114 4-0.006
0,089 — 0,025 — 0,010 —0,1184-0,003
—0,124 —0,036
¥Winter 6 Months

0,049 — 0,006 — 0,025 —0,2264+0008 —0,218 —0,148
0.050 — 0,008 — 0,024 : —0927+0,009 —0,218 —0,148
0,054 — 0,010 — 0,020 —0.22840,007 —0,221 —0,148
0.062 — 0,010 — 0,023 —0,228+0,006 —0.222 —0,148
0,064 — 0,011 — 0,023 X —19374-0006 —0.224 —0,148 | —0,004
0,080 — 0,011 — 0,022 X —0.23140,007 —0,224 —0,148 | —0,020
0,090 — 0,017 — 0,020 —0.2354-0,007 —0,228 004 | —0148 | —0,040
0,112 — 0.023 — 0,016 75 | —024440,006 —0,238 —0.148 | —0.056
0,157 — 0,061 — 0,008 I —0,253 —0.253 163 0,000 | —0,148 | —0,060

Pedle 38

Harmonics of Rediation-Balance Components for Varicus

Altitudes (n = W)

A;—By Sy

Suzrer 6 Months

—0,003—0.001-0,003—0.002 —0,009 | —0,081—0,008 —0.,089
—0,003—0,001—0.003— 0,002 —0,009 | —0,082— 0.007 —0,089
—0,003—0.001—0,014 -0,002 —0010 | —0.082—0,005 —0.087 0,008
—0.004—0,001 —0,005—0,001 —0011 | —0.083—0,004 —0,087 0,006
—0,005 - 0,001 —9,005—0.001 —oul2 | —0,083—~0.002 —0,086 0,005
—0,004—0,001—0,002~0,001 — 0,008 | —0,084—0,004 —0,083 0,003
—0.004 -0,002—0,001—0,001 —0,008 | —0,084—0,003 —0.087 0,001
—0.003—0,002—0,002—0,001 — 0,008 | —0,088—-0,002 —0.090 0,000
— 0,003—0,006 —0,000—0,001 —0,010 | —0,092—0,000 —0,092 0,000

Winter 6 lonths

0,011 0,029-- 0,009 0,020 -0,025
0,010 0,029-0,008 03 -0,019
0,012 0,029—0,008 \ -0,014
0.013 0,029—0.005 0. —0,012
0013 0,029—-0 0uS —0,011
0,014 0,029- 0,007 00: —0,009
0,016 0.030—0,006 - 0,001
0,017 0,031 —0,005 —0,00!
0,009 0,032 0,000
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The contribution of sorizontal turbulent exchange Fgh( T ) in the heat balance

ipcreases with altlitude and leads to a decrease in air tenperature over the low
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latitudes and to an increase in air temperature over the high latitudes.

By meens of Tables 36-38 the spatial distribution of the various components
of the heat balance ma be readily obtained, TFirst of =11, let us construct the
mean heat balance for the earth as a whole (in kilocalories) for the year on the
basis of the data obtained, and let us compare it with the calculations of
M.I. Budyko /13/ and Houghton [53/ (Table 39).

The presently computed values of the heat-balance components agree satisfactorily
with the data of other investigators, The low value of the short-wave radiation
absorbed by the atmosphere is explained by the circumstance that Moller'!s formula
does not take into account the absorption of solar radiation by clouds.

Table 39

}Mean Heat Balance for the earth

Annual | 6-month Period ' |, According to
Sum Sunmer ‘ Winter Budyko l» Houghton

Components of the Heat Balance Symbol

1. Radiation Balance of the Earth-Atmosphere Sys'!:em1

Solar raediation absorbed

by the earth-atmosphere ‘

system S 146
(B—A)s 146

Outgoing radiation
2. Eeat B;la.nce of the Zarth's Surface
Solar radiation absorbed
by the earth's surface
Effective radiation of

the earth!s surface

Radiation balance of

the earth's surface 6o

Heat losses to evaporetion 46 (56

% 1 The raiiation belance of the system is equal %o zero for the year as a whole., For
shorter intervals of time, the condition of radiat equilibrium for the earth-
atmosphere system is not realized: in summer, 412, while in winter, -12.

STAT
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@

Turbulent heat emission { ‘ )
" to the atmosphers ' o bt N R ]ul .

v

3. Heat Balance of the Atmosphere

Solar radiation abszorbed .

by the atmosphere l
Latent heat of
condensation

Turbulent heat ?mission

by the earth's surface

Effective radiation

into cuter space (B—A)a| 94 l 50 “ 95 114

Let us calculate the. latitudinal course of effective radiation by .the earth's
surfece (Table 40).
In Table 4O are presented the mean annual d.ate.‘ for effective radiation under
a condition of average cloudiness, obtained by Eviimov [_Tg_] , and climatological
calculations for the two 6 months' periods based on data by T.G. Berlyand LT_@] e The
agreement with the data presented in Table 40 is satisfactory.
Table LU0

Effective Radiation of the Tarth's Surface B--A (in kilocalories)

| Effective 60 \ 70 | 80 " 90
Radiation

Summer 6 months 9] gi %? ??; ?(’-; 21’%
Winter 6 Months . © ra R RTAE ]

\Year _
According to
N.P,Eviimov

(average i : -
'_dlogdine??s) ~ N3 | 39

According to

| TeGo Be}'Z_Lyand B
[ Sunmer 6 Months
Winter 6 Months

E
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et us construct the letitadiral course ¢f the raiiation balance ut the sartils

surface (Table 4l1).
Table 41

Radiation Balance at the Earth's Surface R =(S——E+A)
in kilcecaloriss

Components of -- - - - .
Rediation Balance| 0 | wl 2 l 30 ‘ o | 50 , 60 l 70

Summer 6 Months

-85 87 84 74 60 45
l 57 l 61 I 60 | 52 ‘ 38 23
Winter 6 Months

751 69 | 59 | 46 ] 30 | 19 1 7 0
42|3z 21 6 —2 1—7 |—-9 |-15

The meaﬁ annual values of the radiation balance at the eerth's surface nay be

comparad with the data provided in [10/ (Table L2),
Table 42

Mear Annual Velues of the Compoaents of the Radiation Balance at

the Earth's Surface

R

Obsexrves Observed

Calculated 1107 Calculated

f

t-3-3-3-1-1)

\

The ignoring of the zbsorption of radiatios ty ci:iuds hes resulted in higher
values of S, and consequently also of R, at the eartn's surface, If it is assumed

that short-wave rediation is depleted by 5 to 10 percezt owing to absorption by

clouds, then by reducirg the calculated values of R by 5 to 15 calories, we obtain

-166- STAT
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vaiues that correspond betisr with tho results of climetological calculations,
Let us calculate the latitudinal course of the radiation outgoing from the

upper boundary of the atmosphere (Table 43).
Table 43

Outgoing Atmospheric Redistion (B—A)g in kilocalories

‘Latitude: ¥° &

b-F:ont.h 0
Period ,l 0 30| 40| 50| 60| 7

. Summer i 67
Winter 81 55 |
Annual 165 3 122
Accordin
, Hueg %e-.aaller ' 171
for he year

For comparison in Table 43 are presented the mean aamual values of outgoing
radiation calculated by meens of the Muegze-l{oller radiation diagram [15] for average
cloudiness conditions. Their correspondence with the data in Table 44 is satisfactory.

Let us construct the latituiinal distribution of the radiaticn balance of the
eerth-atmosphere system (Tzble L4).

Table L4
Radiaticn Balance of the Earth-Atmosphere
Rg = Sg—(B—A)g in kilocalories

(urper line - S,; lower line - 31)

_ ¥

6-Month
Period | 0 20 | 30 | 40 | 50 70 | 80 | %

g 94 98 98 93 83 49 36 31
Sunmer 9 16 21 22 16 -1|-2|-27

Winter ) 95 79 64 46 30 7 2 0
13 21 —-10]-22} 31 —421 43| —44

Y 177 | 162) 132 | 113 56| 38| 31
Annuai %o, 18] 11 0| —15 -53| —66 | =N

The mean anmual 2; changes in sign at the middle latitudes; cdurirg the warm

6 months R, pasces tlrrougn its zero values at the lcwer latitudes, and during the

cold 6 months, at the higher latitudes.

The heat influx %0 an =ir column with a cross-section area of 1 square centimeter

-167-
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passing throusgh the eatire oirosphere,

L= r+ 1)9,_/96 () E dy
1

and the heat flux across a latitudinal circle

. o .
} . z=2xa32u(n+l)f0(y)b‘.dya/ sin8 P,_d8,
1

-~

|

are conditioned by rorizesnial turbulent exchange and are éistribvuted latitudinally
in the following manner (Table U5).

From Table 45 it is evident that the heat influx Ft,h(l"l) is negative south of
Latitude 40ON and positive north of that latitude. In the nigh latitudes, heat
influ is greater during the colder 6 nonths of the year than during the warmer
6 montkLs, The greate'st quentity of heat is transported oy horizontal turbulent fluxes
in the midile latitudes, The transport of heat at all latitudes is directed poleward
crom the equator. Ccmparison of data in Tables L4 and 45 indicates that horizoxtal
turbulent exchange is of essential importance to the heat balance of the earth-
atmosphere system,

Table 45
Influxas and Fluxes of Macroturbulent Heat

(Upper line Ft'h(i.e.,-n) in kilocalories; lowur line - 2 » 1012 kilocalories/minute

?

6-Month
Period q_ ?o ] 40 | 50 70 %0
Summer —l(]j —65 3 8 2
12, 250 , 0

Winter _g —6 0 9 3 | 24
i 20 {gs i 23'0 35 4‘4’
Annual % 125 25,0 18,8 510

We obtain the latitudinal distridution of ihe components of the radiation balance

of the atuosphere as the difference c;f Rg—Rq by means of Tsbles Ul to ki,
Obviously, the radiatioz field of the earth-atmosphere system is suck that the

earthts surface - except for the polar areas in winter - represents a source of

radiation heat, while the atmosphere at all latitudes is en outlet of radiative heat.

This outlet is uniform throughout the year at niddle and low latitudes, The latitudinal

-168-
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by the earth's surface below and by & certain level aloft, cen be constructed by
neans of Tables 36-3%.

However, if for the two limiting levels, the earth's surface and the upper
‘boundary of the atmosphere, it is possible to find data in meteorological literature
although only partially for the coumparisons, then no clinatological and theoretical
calculetions of the heat balance components can be found for the inner levels.

14 should be noted thab previously no success nad been ochieved in obtaining
any heat balance cherecteristics of the atmosphere in view of the major limitations
in setting up the problem, as the result of vhich an equation of heat balance
essentielly was not realized, However, quartitative investigations of heat fluxes
represent a very essential part of the problem of formilating the thermal regime of
the atmosphere, since they ere inseparably assoclated with the theoretical determination
of temperature. In this connection, the investigation of heat fluxes will be continued
in Chapter 3, in vhich there is glven detailed analysis of heat transmission processes
characteristic for a circulation differing from & strictly zonal circulation.

The theory developed by us pekee it possible to construct a mean cistribution
of temperatures and of heat balance components for intervals of time of the order of
a month., However, owing to the lack of necessery cata on evaporation, precipitation
and hest fluxes into the soil, it is ro% yet possible to make such calculations.

Once tne zbsorption of short-wave radiation bty clouds will have been investigated,
the application of corresponiing corrections to heat balence calculations will involve
no difficulties; this will cossis®h ir altering the valpe of tke free tern in eq. (15)
which determines the nagnituie of verticel turbulent heat ~ux, However, at present,
no thecretical investigation of thls mature nas been vndertaken, .

Let us recapitulate the resclis of this Chapter. The problem of the stationary
zonal distribution of temperature in the atmoeprere has been posed and resolved by

taking into account all the fundamental fectors, these factors having been examined i

I

i

as thoroughly as rossivle at the present tinme, The zopai temperature field calculated i
\

up to the 16-kiloneter level wes found to agree satisfactorily with the field actually

STAT
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observed.

In view of the sufficlent completeness of the approach to the present problem,
and also considering that the quantitative values of the required parameters teken fm;;:
for the calculations are experimentally substantiated, the data in Tables L35
should be considered as the first theoretical distribution of a stationary zonal
tenper;a.ture in the atmosphere.

It was found possible to evaluate the coantribution of various factors to the
thermal regime of the atmosphere. It i1g essential that such evaluations may be
realized only theoretically. Any other methods cannot isolate the influence of
individual factors in 1its pure form (e.g., the influence of factors varying with
1atitude, (density of water vapor £ or the albedo [° ). By means of the equation of the
neat balance of a given aimospheric layer, which 1g the basis of the pr.oblem, the values
of heat-balance components at various levels and at various latitudes in the atmosphere
are calculated after the determination of the temperature. In this connection, it
is also possible to conmstruct distributions of the components that cannot be
established by any other method - the heat balance of limited layers of the atmosphere.
¥hereas the climatological gtatistical methods require proceseing of an immenge mass
of observational data for calculating the zonal vaiues of the heat-balance components,
the theoretical method developed above makes it possible to determine these character-
{gtics without difficulty.

A11 this makes it possible to consider the presently set forth theory of the
sonal distribution of atmospheric temperature as the most complete and most conclusive

of the theories existing at the present time,
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Release @ 50-Yr 2014/03/21 : CIA-RDP81-01043R004000180006-8



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/21 . CIA-RDP81-01043R004000180006-8

Chapter 11
HEAT ADVECTICE IN TUE ATMCSPEERR.
Integral Characteristics of Heat Advection.
The qmz:estion of evaluating the advective gransfer of heat 1is essential in
solving problems of genersal circulation of the atmosphere.
In the present Chepter a method of compubing nonturbulent heat advection is
proposed, examples of its application are given and a physical analysis of its results

is mede.

Let us write the equation of heat transfer in a spherical coordinate sysien

' aT v, dT , Y- 9T e .
TR -‘,7+:,;7;+(T.—1)W—-—¢;; . (1)

- [ g - -

Here T is air termperature;. T Yp end w are the letitudinal, longitudinel

and vertical wind components, respectively; 7, and 1 ETe the dry-adisbatic and

stratification gradiants, respectively; .¢ is heat influx to a volume wnit of alr;

t is tine; @, is radius of the earth; M 1s longitude; ? ie complemert to geograrhical

latitude Tp; and p 1is air denslty.
Let us assume for the basic state a stationary, parely zonzl, circuletion,
Let us carry out a linearization of eq. (1) ir relaticxz to the basic state,
after heving represeried T, 7 T w, anﬁ' e ir the fcrm of the surn of zcnmal velues
and of the deviations from them, "’1=7’x(ﬁ: 2)+ (b, A, 2, 8),
Ty =17, (_‘. A 2, 8),
w=1 (9, %, 2, ),
T=T0,2)+T,)2z1),

p=p( 2)+4p (8 )28,
e=e(,2)F¢ @6 120,

jnesmach as it follows froa the gdefinition of the purely zorel st-ticnrrr circelation

|

that - < .. N

9.$'=°,

I

_ -171-
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I—

.- o Vo £
For the basic state, eq. (1) assuses the forn

(8, 2)=0,

and the ceviations fron that stnte ere ietermined oy the following equation

or Y % of (2)
'*"'-‘T ta

Bv mazns of the equaiion of statics
dlnp ’B—'k'T

ané the equations of Lke gesstrophic wind

1 dp
2-pcos°vl=7;—$,
1 dp
2up co3 87, = — Sosinl® oh

we obsain the relations deterzir -ing the thermal wind

Ton,  faw, 3T
=& g 9z g o5’

a0, sind _, o7
f‘nr"lﬂ' L NP L fﬂo o= e

= 2w cos 0.

On tke basis of (5) and (8), eq. (2) is rewritten asi

r "2 oz

or ﬂ(v;-a-v'; 7y o:)"" ””|+(T.—1)W'=’,

e tasi sabe % aily oy means of
Zoral velocity Tor shie Casle Sulue -3 jeterrin.i cnaventionaii

the circulation index &«

11 = a.c (z)sin®.

.
T daviation T we obil fron formuia (1Y)
For dsviatlions 0(0, 3, 2, 0) we obtain from form (

. 1 ¥
N ™=Tag B "
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- The discerding of viX would be equivalent to
o oo () ana (57 .

Let us aiso represent M

igmoring the vaelues of '

and v;-,: 'as g p-function,
It follows from (3) that

Eq. (W11) yielas
It ¢

or, on the basis of (10)

1£p_’_g01"

? & RT &

Uit o Ber 3
timately, by neams of (2), we obiain

Sdndos _Rryaw . ot p
oz fis |7 an s p

Eqs. (8) ang (10) yield

zf..____ l 10

¥ oo ¥, rd (1l
£ (] 60 3—( ')]

i the following rarrers

ip’ __a'Top’
a3 oXp) oA

—— 1 ' (T "\, 29
gfcjpsing OA [ﬁ v o,)-l-—’-’;]-l-('r.—-r)w’-_T

N
z dzdl%-’_ z &= 5 £ _—-—‘

(7‘0:'

m AR

—3%]-*-(7.—1)-’?--:5--
»
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»espect to z from O to z. Irasmaci. ag
9 9% gz,
cgaP !§+[— R],

f dz—-—f 'T——dz,

Let us integrate (12) with

therefore (12) gives

Lapppea)fFer TRlvR [ %

3
2 ¢ dp — 1 T dp’ dp po ding dz +
—?f T3 2 zf%lan[P ) “L+g:f T

- (13)
2 1 2

1 ép’ OLP_: _ o dz = — e dz.

+x f T "Z]+ af (ta =P o}

Let us integrate (12) with respect o time from t, to t. Inasmuch as

113 A
’ =ap’ 1 ' g
[— T{TD dt=2[Tp' (2~ Tp )] L.

dtj%dzz!dzf%-’dts![p' () — p' (t)] dz.

therefore

-] ol f oo [
+§'f % 4z J. :T%’;dz— —‘F::!-ng {7’. ?}. ?ﬂ‘ +
“f’mr‘nvdz-rﬂxf A dz]+

¢ 2
+_! (1 — 7)o’ dz‘dts—-: %'-‘!dfuft' dz.

~17h%-
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Let us examine in (13) the terme pertaini 2g5 to heat advection:

-

A=c, _'”’, k—f: dz+—f r"’dz+

Here A is $he advective trarsfer cf Leet during a unit of tire (A< 0 correszonds
to an advecticn of cold., Tre nmean change ia the ez’ cortent of an air colwm with
an altitude of z durisng thre b=ty tinme intervel is Cetermined by the followirg

formula:

A= ’;- T k=Tr )| +(Z+2) [ ,,'}:4;,.

(16)

.- =

kccording to formulas (15) and (16) it is roeeidble to calculate A and L for
time intervals of ,the order of a week and longer,

The protlem consists in calcvlating acvection A and the verietion of the heat
content on tke basiz ¢ tae kmown distrituticr of pressure and temper ture in the
atmosphere. For greater accuracy, the integral terns in (15) and (16) mst ve
calculated acccréing to the greatest possitle runter of points in the (0, z) interval,

Usvally, the p end T distributions are cozstructed for some standard equations
3 to 4 kilometers apart.

By mears of the int erpolation formula cltec below, it is poscible to deterrine
the pressure at inter.eilate levels (i.e.,tetvenn stendere levels) with sufficient
accuracy for our calculations,

The intervolaticr. “osrmula ir its form, is ar aralogue of the Laromeiric formila
for the pelrtrepic laycer in the aimosphere s an glti*ude H, found between two standard
levels,

The use of ithis formula involves the stipulation ¢f pressure Py &and temperature

-175-
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Zo et the lower standard level, and t:e coefficient B s selocted sz 2z +¢ obtain,

at z = H, th following pregsure of e urre™ standerd leve:
£
=pf1—- L ]m. 1
P=n[1— L (17)

In order to determine :he Cegres of reliability of formla (27), the pressure
curves for several raiiosonde and airplaze ssundings were conputed according to it
and then were compared with the actually recorded pressures, (Teria 46).

In Table 46 are presented the valiss of the observed pressure po'b:arved
cozmputed pressure pcompute a4 and temperature T at the standard z-levels., The
interpolation formula (17) reduces the pressure at intermediate levels with an error
not exceeding 0.5 peccent, However, (15) and (16) include Pressure derivatives
which can be substituted by finite differsnces in the calculations, Therefore, it
ls necessary that the areas Plotled according o the actual Preszire differences
are sufficieatly well represerted br areas plotted on the basis of the computed
differences. By means of Table 46,10 exauples of such coaparisons zay be obtained,

Table L6

Aerological Data

po'tner\ved P T po'bserved

Paknta-iral

Radiosonde

14 July 0800 nours

{= | &

1200 hours

-|

SO NMNLA W

b

Alirplane Radiosonde

18 June, 1600 hours 2 July, 0400 hsurs

- 4 | 2935 1020
. 899 . 904 906,5

i 800, 802 8036

2795 . 2772 710 .
626 628 6273

554 | 5532
613 . 487 !
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Table 46 (continued)
Alrplans .

16 August, 1600 hours

-

L1015
902

902,8
800 801.1
*q07
, 623 6229
547 547,2
2544 479

DAL UN=O

The areas plotted according to the computed and the actually otserved data
approximate each other closely ir value, The mean error in the determinetion of the
ereas on the basis of deta ir Table %6 amounts to 7 percent,

Consequently, irnterpolation formula (17) provides the possibility for a
sufficiently reliable determination of the integral terms in (15) and (16)

Celculating the Components of Honturbulent Advection, Evaluating
the Horizontal Turbulent Heat Transfer.

Tc illustrate the applicabiiity of formula (15) for corputing advection A, this
formila has been used to determine the anmusY ccarse in the 0-10 kilometer layer for
Cdessa ( ® = B6930', L = 300401), Riga ( ¢ = 56°571; A = 2U4905') and Sverdlovsk
(7 =38%p1; A= €99381), The initisl dcte on pressure and temperature were taken
fron Eﬂ where the standerd levels are: 0, 3, 6, 10, 13, and 1b kilometers.

In calculating the p differences for Cdessa and Sverdlovsk thel following irntervals
were edopted: for latitude - 200, and for longitude - 10°, vhile for Riga, 10° for
both latitude and longzitude, '

Special nomograms were constructed for interpolating pressure between standard
levels by means of (17). On these nomograns, the ¥ = 1g p — 1g Po Gifferences
vere narked off glcng the axis of the 2bs:rissas, while the coefficient B was
marked orf along the axis of ordinates. Isolines of To were plotted in this coordinate
systex. The nomograms were designed for altitude intervels Az equal to 1, 2, 3 and

L kilometers, respectively,

Work with nomograms, has tae following procsdure: from a nomogram on which STAT i
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Az. is equal to the distance betweer adjaceat standard levels, § is computed
acééx;ding to the given N and Ty, and from nomograns on which Az is egual to the
digtance between the lower standerd level and the given intermediate level, ¥ is
computed according to the obtained § and the given T,. Then according to N the p
at that level is calculated.

The rating formilas

A =r‘>: A; calories/sguare centimeter minute

[
1

i= l’ 2. 0...-..6

for the various seasons are presented in Table 47 and belcw

150 ,
A= m.lO“—A A"L

.11‘6.! 1 b ds
A.-—— 0“' —8,p'8] 2p dz

Table 47

Calculated Formulas for Advection A in calories/square centimeter minute

Advection Layer in kilorneters

Compcnsnt 0-10 ) 10-16

Spring

—0,0463, pyy 00463, p,y — o 026.\A P

—0,700 - 104 (24, p dz —0,700 - 10~ 3J.Alpdz-{

+10“j(z-13) 8 pdz
13

.16
0403 - 1078 { TApdz —0585- 1075 [ 74,pdz
13

—0,0454, p;y d.O#SA;p,o- ""2-0225;1;|5
—0,680 - 10~ { z3,p d= . —0.680-10% &, p dz +
10

18
+ 1150 107* f(z—13) 8, p dz
3

! 16
0393 - 1075 78,p dz N —0.673-10'5‘]' T4, pdz l
3
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" 7 00598, >-‘-‘;§_0.03751P|s .
—0900-10~3 { &, pdz+
. 0 -

! i 16 .
TS RIS (i ,{ (z—13) 4, pdz
S Al

SO s ’ N 18
0515 1075 { 7, pdz —0650 - 1078 T4, pdz
. ' 13

= - - -

- s

"0-059%P10 ' 0.0595“7,5 —0.0474”.5
o » T
=-0895 - 1674 (28, pde —0900- 1072 { 8,pdz +

10

18 .
40,600 . 10-¢ £(z— 13)A,pdz

0515 1675 [ To,pds ‘ —0345 - 10-53§ra,paz
. : i3

In Tgble 47 it is acsumed that 100 meters = 1 unit of length., The p~difference

is formed for 20° intervals by latitude (Ap) snd 10° intervals by longitude
\ (Ap). The circulation indexes for thé troposphere and siratosphere are taken from
the dete of S.A. Meshkovich and V.V, Bykov. In the troposphere « 1is approximated by

the linear function of altitude
a=.a‘;_,oz.

In the stratosphere at sltitudes from 10 to 13 kilometers e has a constant

value a,, 3= const., vkile at aititudes from 13 to 16 kilcmeters it decreases

with altitude . _ .
e=a,,_ ,,+n(z—13).

Let us cite the values of the parameters determining the a in various layers
Spring Auturm

375.1071°
375.10~4
4,68 - 10~1°

Winter
375-10—%
375.10—*
250.10°10 *

+

L
mceracr—iv — msm— . . -

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/21 : CIA-RDP81-01043R004000180006-8




Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/21 : CIA-RDP81-01043R004000180006-8

Dclassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/21 : CIA-RDP81-01043R004000180006-8

The resulte of the calculations of advection A according to formla (15) are
given in Table UE, Pable 48

Heat Advection in the Troposphere (kilocelories/s..cm. month)

: m‘ vy v | vi{vit | vin x||xu
‘Station

Odessa | X -1,1]-20|-30]|—101 1. 4] 58! 52
Riga :, ~26|-56|—3.4|-28 62| 52

sverdlovsk | 33| —1,1]-19]-17]-21|-11 26| 36

Let us compare these direct calculations with the indirect calculations made by
T7.G. Berlyand [}—j who derived advection as the residual term of the et.],uation of heat
balance for the earth-atmosphere system, a term including all the errors in deterringin
the remaining components in the equation of heat balance, and also including such
factors not consldered in L}/_ as variations in heat content, heat fluxes caused
by horizontal turbulent exchange, and heat fluxes into the soil (Table 7)

The agreement between the valued of A computed by the author and those obtained
by various methods in [}7 is satisf&ctory. The existing differences should be
attributed primarily to the above mentioned inaccuracy of determining A in [5/ .

On having ascertained the ‘quantitative reliability of the obtained values of
A (Table 48) let us now subject them to a physical analysis and also calculate the
advection for areas not covered in 57 .

Let us isolate the latitudinel and meridionsl components from A.

The latitudinal component is

ol
Al_c’[— £ O\

The meridional component is

Meridional heat transfer 4, may, in turn, be subdivided into two components
ey

A;:\and A, The first component, A, , is conditioned by the mean annual zonal STAT
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value of the meridional temperature gradiant [First term of (19)/, while the

second component, ’A?o .13 determined hy the devimtions of" g_;,' ‘from the zmean zonal
values /sum of all réfaining terms in (19J/. -

In fige, 11-13 are presented the values of the A, A, g.nd.! A,,- components,

It is evident from these graphs that the latitudinal co:npomu’:*.:‘Az hes ths same
annuel .course as total advection A; it is positive in winter, negative in. surmer, and

passes through'zero values during the transitionel seesons (i.e., spring and sutumm),

Table kg
Heat Advection (Computed by the Hezt-Balance Method)

in kilocelories/ sguare centimeter month

[
Station I I i l ml w! v I vi| vn | vin 1xl X l xxlxu
1

|

Odessa 68| 52| 29| 02 |-30[-33[-19 22 54| 74

Riga 74| 52| 48| 1,1 |-22|-4.1 |30 19 56| 67
8

4
0] 62| 59| 40|—08|-29[-22 23 75| 81
1 -

Sverdlovsk

In the graph the meridional component 4, is a double wave with maximum (positive)
values in the transitional seasons (autumn end spring) and minimum values (positive

and negetive) in sunmer and winter.

|

Fig. 11, Yearly Course of Heat Advection,” Olessa (10-kilometer layer).
a. kilocalories/square centimeter month
-181-
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The causes for this are as follows: The annual course of Ay  1n the middle
latitudes (where o west-eaat transfer of air masses. predominates and where the mean
monthly values of & remain stsady in sign) is determined by the annual course of the
longitudinal differences in temperature between the continent and the oceen; in
winter in the Europesn territory of the USSR ("ETS"), westerly winds transport from
the Atlantic Ocean warm air masses, while in summer, they transport cold air masses.
During the transitional seasons, when these differences are close to zero, the latitudinal
advection of heat 1is .small.

The snnual course of A, must be conditioned by the anmual course of the meridional
component of wind for the entire height of the atmosphere (%.Z does not change in
sign throughout the year .and, likewise, it varies little in value). Conseq.uéntly,
the positive values of ’A. 28y ’ba. assoclated with the transfer of air masses from
the south, while its negative values may be associated with the transfer of air masses

from the north, kilocg.l_\/cmzl month

Lot 3

Fig., 12, Annual Course of Heat Advection, Riga (10-kilometer layer)

-182-
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Fig. 13. , Aumial Course of Heat Advection. Sverdlovek (10-kilometer layer)

The basic conclusion which nay be made from a review of the Figs, 11-13 is: total
heat advection over the European Portion of USSR is determined chiefly by the lati-
tudinal compenent, i.e., by west-east transfer, a conclusion sgreeing with the
existing concepts of the nature of the general circulation over the European USSR,

If follows hence from sll three graphs that during the transitionsl seasons
(spring and autumn) over Zuropean USSR heat advection tekes place from the scuth, in
summer the meridional tranafer of heat is very small; and in winter the ad;rection
may proceed both from the south and the north, Kowever, the total meridional transfer
is approximately the sams for either the 6 months'! cold period, from October to March,
end the werm 6months, from April to September.

As for the relaticnship bedween A:. and -Ailr' the totel meridional transfer A,

generally follows the ccurse of ° Ay, Le,, its .p;incipal vaiue is, on the aversage, STAT
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determined by the zoxal value of 3_? » vhile the influence of A, 1s found to be

--slgnificant -only in certain individual months,” -~~~

7~ Tho talculated formila for “A has the form of

]
7 _ ¢
A==0,028 [Tp' |, — Tp’ L];.-a- 0,114 f p dz.
t
. [ ]

.

In this formulz 100 meters of altituds are equal %0 one (1) unit of length., In
the determination of time differences for the moment of time ¢, p' is taken for the
succeeding month (in relation to the month for which A is being calculated), and for

the t, moment - for the nreceding month,.

The calculatiozs based on (20) led to results presszted in Table 50.

Tabls 50

Variation in Feat Cortent of Air A (kilocalories/sq. cm. month)

Station L{uw|jmfwlv | vi{vn Vllll lXI X XI

-~

Odessa  |-02] o2 06 08| 06| 02 |-04[-08|-08|—08! —0s
Riga —04{ 02] 07 09 06| 02(-04[—08{—06(—06(—03

Sverdlovsk|-01| 01| o9 L] 09| 02 |-02[=1,1|-10]-08|—05 ;
i

_ -
R S L .
o - A

The values of (A =are not large. The anmual course of A, has the fc.mm of &

.
-

simple-wave curve. During the first half of the yeer, A>'0, while during the second

h&lfki t’l'<0 A oasses through its zero values during the Jawary-February and
July-August perio':ls.. Its maxirum positive values occur in Ha.{, and maximum negativs,
in September. Cbvionsly, Guring the first half of the year a waraing up of the air
occurs (reaching its zeximun in the sprinz), while during the second half of the year
the coéling vhich tekes place has iis meximum value in tke autum monﬂ;s. The obtained
values of \ approxinete vary closely the daiz of G.G. Trolle 5’2—/ .

Let us examine tke advection in Jamary ani Julr oz the 50°%% segment of ine
latitudinal circle, beiween Longitudes 140%W ard 20 2, i.e., over Horth Amesrica, the

Atlantic Ocear exd a part of Zurope. The data for the ¥ aad T at standard levels

were teken also froo gy . The calcalation of p Gifferences wzs based or 20-degree

STAT |

e rmereas it ==
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The obtalned values of advection A and its
the lztitudinal component

A S

SO ?
?‘“ . :e.."'.-‘ v—‘?‘". & b
1ntervaln by la.titude and longitude.
In January,

componente :are m‘esented in Figs. 1 end 15,
1as posi‘bive values. over contine*_ts and negative values over the ocean,

A reverse picture was obtained for the reridional component.

[ ] kilocaf/ ;n;E/month

4

s ]
Fig. 14, Lengitude-Dependence of Eeat Advection fzr SOtk Parallel

Jemuary (10-kilometer layer)
sene longlitudinal cdisiributiox

Total asdvectior has tkre
conditioned by thz {empersture contrasts between

The gistribtution of 4
¢ans cduring the winter mo-ihe.

contirerts axnd
cceane to the continerts, while ccld air $ravels fr

Ko. Latituce,

es its meridional cocyponent.

is
In winter, warm air blows from tke

o= the czzntinernts to it.e cce
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Fig. 15, Relaii):ship betwesn Heat Advection axd Longitude feor the 50th Parallel Ho,
Latitvde., July (12-Xa, layer)

The distribution of A, 1is explained by the effsct of itre steady pressure
minimm, situated during the winter months ir the norilwesters pary of the Atiantic
Ocean (the Icelaniic "center of action! of the atnosphere), In the rezr portion of
the depression Arciic air comes inso ke Iortn American continen: (A_.<o)', vhile

ir its fore portion part, situated over the oceaxn, a transfer of air rasses fron the

Ta s . . . - s -
lower lziitudes (A,>>0) takes place, Since the baric depressicz is very decp arnd

the meridional transfers of air mssses predoninate over the iatitudinel transfers over
tue invesiizated segment of the 50%% Lio. Letitude parallel, the meridional transfer of
heat determines also the lorgitudinal course of tobal advection: total advectisn is
negative_. in the area of the transfer of arciic air masses ard positive in the area
ghere the §.ir masses come fron lswer latitugdes,
Since the pressure gradients in ikhe investigzted area are muck higher ihar over
- the European territory of the USSR (except for tie "low!" over tre Atientic Ocean,

a polar frontal zone is found over North America irn winter), iherefore the vaiues of
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tad.vection A, too, are. ftmnd. to ‘be considerably higher than over the Buropean territoqr._.__. ==

RS T

_Th ..zgher valne ‘of A. s’f‘cula also be attri'buteo. %0 a h1g*'er 1nhomogene1ty of

the pressure field, - R

In July ;bhe :valpés:- of- A ere consié.era‘oi:; lower than-in Jamary.

Tre zlatituc':.inal ccwonen‘t;‘A T is negative oun the eaﬂtem shores of t’qe' contirents
and positive on their western sho*es and over {;he ocean, 1.e., 1ts sign is deternined
by ihe longiméinal distrivution of temperatures. The mer;dlonal conponen. A slong
the perallel is distributed the same as in winter, dut is lowver in value. The Icelandic
"low" is present in sumner also, tut with a greatly "uisszpated" pressure field; in its
rear portion there occure a ccmparatively limited cold auvect:.on, while over the ocean
heat advection takes place, Totsl advection in sumrer is determined by both the
meridional and the iatitudinal components - on the eastern shores of continents, where
the effect of ihe Icelandic minimm no longer manifests itself,

Corsequently, in this example also, we kave obtzized o satisfactory agreenent
between computed advection and the character of general circulation in the investigated
region, In Figs, 16-20 are given the values of toizl zavection A and its comporeris
in the lower 5-kilometer laver (of tke atnosphere) for the examples esamired ebove,

From Pigs. 16-20 it is evident that the rel ationskips between total advection
and its components ané their yearly courses ir the S-izilozeter layer of the atmosphere
are the sane as in the 10-kilometer layer, The quantitative Gifferences between the
values of advectior in beth layers, bowever, are sigrificant, This is expleined
primarily by the circumsiance that in the middle laiitudes (where the regions in
question are situated) cwing to the ircrease in west-east transfer with altitude, the
cortribution of the uprer layers of tke atmosphere %o the advective transfer of heat

ls corparable with the contribution of the lower layers,

R T R -
— AT T B TR T

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/21 : CIA-RDP81-01043R004000180006-8




Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/21 . CIA-RDP81-01043R004000180006-8

L4

Y T N
n mw w v

-

Fig., 16. Annual Course of Heat Advection. Odessa (5-kiiometer layer).
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‘ Pig. 17. Annual Course of Heat Advection, Rige (5-kilometer layer)
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Fig. 18, Anmuel Course of Heat Advection, Sverdlovsk (S-Eilometer layer)

kilocal/cm2/month

Pig. 13. The Relationship between Heat Advection and Longitude for 50°N in tre 50°

No. Latitude parallel. Jeavnry (S-¥m, layer)
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Fig. 20. BRselationship between Heat Advection and Longitude for the 50° Mo, Latitude
Parallel, July (5-Km. layer)

The results of the calculation of advection and its componeris in the layer of
16 kilometers' thiclmess are illustrated in Figs. 21-25,

The variations in A and its componenis with time and space in the 15-xilometer
1lgyer havp in general the seme character as such variations in the 5- and 10-kilometer
layers. From the quantitative standpoint, A in the 1l6-kilometer layer does not differ
greatly from the transfer of advective teat occurs chiefly in the troposshere, where
the spatial temperature contrasts are expressed more sharply than in the stratosphere,

Of interest are the variations in A ard iVs components from layer 4s layer. In
tables 51-S4 the respective contributions of tke 5 to 10 kilometers anc the 10- to 16-
kilozeter layers to the total advective heat transfer are given.

TI}e contribution of the stratosphere to meridional advection is much smaller than

its contribution to letitudinal transfer, In the upper troposphere the nature of

‘variztions in 4, and A. iz the same as in the lower troposphere.
i g

P St S
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Fig. 21,

Anmual Course of Advectio; and of Horizontal Turbulent Transfer of Heat.

Odessa
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Fig, 22 Annual Course of Advection and horizontal Turbulent Transfer of Heat.
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Pig. 23. Annual Course of Advection end of Horizonta.l_ T“ﬁ;ﬁ;;i Pransfer of Heat.
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Fig. 24. Advection and

Horizontal Turbulent Transfer of Heat on a Segment of the 50°
No. Latitude Parallel -- January.
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Fig. 25. Advection and Horizontal Turbulent Trensfer of Heat on a Segment of the

50° Mo, Latitude parallel —w- July.

Table 51
Contribution of the 5-10 Kilcmetsr Layer to Heat Advection

(in kilocelories/sg. cm., month)

Characteristic

9}' Heazt Advectior

—13]-36
—23|—4,7]—
10] 1.1

~193-
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Sverdlovsk
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Table 52
Contribution of the 5-10 Kilometer Leyer to Feat Advection elong
Latitude 50°N

(kiloclaories/square centimeter month)

Characteristic »

of Heat Advection

60
anuary

Table 53
Contribution of the 10-16 Kilometer Layer to Heat Advection

(Eilocalories/square centimeter nonth)

ﬁlaracteristics

of Heat Advection

2]

—43]
-35
~08

) Riga

—02]-1,6] 20| 13| 17]—29] 02
-03|-18] 22| 06| 2:0(~-22]| 04
01| 02[-02| 07 |-03]|—07]-02

[—I.
—2,0]—04

0,2 4
i

~-1g94-

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/21 : CIA-RDP81- 01043R004000180006-8



eclassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/21 . CIA-RDP81-01043R004000180006-8

Sverdlovsk

R S Y

Ta‘ula 51+

. .
nv»*zrpnl‘v{ -1 i ”‘ N -

.Contr.fbutlon of the 10—16 Xilometer Layer to Heat Advection along
greasliv. ¢ T 5L : -1
. the SOth Parallel Yo, La.‘itudo.

P FUMES

(kilocalcries/ square centimeter month)

Characteristic of »

Heat Advection

Tre equation of heat balance of the atmosphere mskes it possible to meke an
evalustion of the magnitudes of the heat transported by horizoatal turbulent inter-
mixing.

Let us write the equatior of the heat balance of an atmospheric column with an

altitude of z xilcmeters, and limited below by the earth's surface,

A+K+°fcdz=A.

Here ¢ 1is the heat influx to a unit of volume of air during a unit of time ard
K is convective transfer of heat.
The iaflux € 1s realized by radlation and turbulent processes and also by phase

transfornations of water in the atmosphere

-195-
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—_— ————— — . —

_f wds = RE) - R(O) P(z)+P<0)+o(z)+n<z>

e e ST Q T I N R Y PP  AOOY PR W S ST PRSI
en et . AL RN ol

- .2 = Here:R(0) and ‘R(z) are radiation \balian‘c“és at the earth!e surface: andlat the

altitude ;s respectively; P(0) and P(z) are vertical turbulent fluxes of heat at the

same respective altitudes, Ft,h(z) is»t.hev_irnﬂux of heat to an atzospheric column

Al

with an altitude of z, realized by horizontal turbulent exchange; ani & (z) is the

quantity of heat being liberated as a result of phase transformations of water within

the column, ’ .

If z==09, |then

Mm=R=w 8), o

P(oo)-o o(o0)=Lr, K(oo)=0, (20)

where Rg is radiation balance of the earth-aimosphere system, equal to the difference
between the fluxes of solar radistion &nd long-wave atmoszheric radletion at the
upper boundary of the atmosghs re, T is precipitation, and L is latent heat of conden-
sation,

As 1s known, the equaticn of heat baiance of the underlying surfaece has the form

R(©)=P(0)+LF+V.
(22)

Here F is the evaporation from the underlying surfece and V represents heat fluxes
from the underlying surface into the soil.
The equation of heat balance 2f a lC.kilometer hizgh column irn the atmosphere

will be written on taking account of (21} as:

et 2> 10 Xkilometers, R = Ry, ant = Lr

T ARKARALE—PHI—P—V=A- (22)

ez )

The equation of heat balance of the earth-atmosphere system, ircluding the entire

atmosphere up to z= o has the form of

-196-
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.~ s Ihmx - nifz °
] 7 — i -2 =
-

Bur yr&ctige,' g fs_"f‘i?tomewr ieve ma.y"oe Sonsiierdd as e upper dordary of ¢
. e [
. the atmosPhere at uhich the above~formilated: Sonditions (20) ere satisfied.
Lt R \h\} s ¢ ,J Hasrs g
O‘bviousl ﬁ: 1% i‘} ;'!'boi‘va;ssumoed:

T

S350 Q3 111y AQ[-RE, M o
othet SR s [ 8 -
Gl o 1 4D & 2. 1t 3,0 € 5
R T ok B }__“ .'*I ' =
2 13 '

gl

Tg};{(&)'j,ﬁ?mtfs.« *bpe mean annual meridional longitud;nally averageé.: turbulent

heat exchf.mée, celculated in Chapter II, whiler.t,h (0," A £) denotes the variation in
F,: , dependent on time ¢ and on .,
t,h S N ;
The value of it,his determined from (23) after its averaging for the year, along

the latitude parallel. _
ﬁ=—-R —L (r—F)

since- A= V;—_—:Aso'.

’.i‘he' values of all the components entering in egs. (22) ans (23), except for K, TT
and P, nay be determined by independent methods. )

In order to calculate the residual ierms in egs. (22) and (23) let us use the
data concerning Ry, LF, V, and Lr, from [10/ and [LE/, (Table 55), and also
the vealues of A anc .A that ve obtalned {cwing to the smallness of A , its variations
at a2ltitudes abovs lb kilometers are not taken into consideration,

Table 55

Components of Heat Balance (kilocelories/sq. cm. month)

vi|vi X Xt | xu
i

Conpcnents of the \ l

Heat Balance

22 =52[-73 --89
13| 08| 05| ©
—02]|-02}—0,4| —05
15| 21| 16| 15
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The horizon‘sal“/tur'bulent influxes of heat in the 1l6-kilomater laysr of the

atmosphere have ihe values presented in Teble 56 and in Figs. 21-25.
R mable 56

Station |1 |u| m wl viw Ivu Ivm x1 | xu | Year:

Odessa —23 1.4 |—13]-2.1]-21]-20] s6{17 —03 38l —20
_&iga__ 0,216 2,2 —2.8 .0.6 08 320 24 44 9,6

'~ Sverdlovak| s51/19| 58} 50| 1.8 —05 —0,3i 03| 08 05 25| 205

, S e el e

-

It .is\ quits obvious from Filgs. 21-25 that the values of the horizontal turbulent
ransfer of hea‘{ for the entire .depth of the atmosphere have a definite annuel course;
over the European USSR they are positive prinarily durirng the sunmer and winter nonths
and negetive durirg the transitional seasons,

The obtained values of Ft,hreﬂect correctly the characteristics of ma.crcturb;ﬂ.ent
mixing in various regions (Tables 56 ané 57). The valuer of Fy 1 are small for the
individual morths and years in the regions with a stable west-east transfer, In
reglons with a mountainous relief or a complex and unsizble systsn of air currents,
where the contribution of horizontc;‘ turbulent fivxes to the heat transfer must de
considerably greater, the values of Fgon aréd A are coaparable.

Teble 57
Horizontal Turbulent Heat InfluxFy y, {%ilocalories/sq. cm. month)

—

Month '

“Janu
Jul:,rary

1
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ethod ‘of eve.luating the hori"ontal- turbulen
the f'o ;‘,m,im.‘!. G*mzm oy ks

i T LY

Ciporst
i

Terienl 8cnbie el

Pt e B

in thm'éﬁlﬁésq o:PFt h and A*i thei* variztions are opposite in phase (F:.gs. 21-25),

5%

Theis indicates a :mffil.z:4 ently goou correlation between advective and turbulent transfers
~'-t.vm’—-a ie 2

of heat in the atmosphere. After having plotted the correswonding correlation graph

T Loal

vf’

g i

* ”

1% 1= possi;r.)le to ascertain that the algebraic values of Ft;h display a tendency to
decrease with an increase in the algevraic values of A,

of interest is an enalvsis of the residual term of eq. (22). Iis anmual ccurse

5 is of the same character as thet of Ft.h('l'a'ble 58)
g | Table 58 ' |

6 The Residual Term of Eq. (22) Fy 1,10+ K5 — Pip |

! Station - | 1] 11| 1l lVi v l Vi ‘V!l Vlllllx ‘X XI | Xll|Year °

Ocessa 06| 1.1|—-06| 041-03|-09] 1,3]-05| 0 [—3.5—08| 1,1{—21 .
Riga 11} 1,4] o6{—-08| 19| 25} 03| 02{—1.3]|-35/—08 22| 38 ,
Sverdlovsk] 51} 1,7 9l 10| 25| 37 45| 47| 315

54 54 26| 0 |o
|

The presence of K in the residual term of eq, (22) need not violate the anmial
course °th,h » because variations in the velues of K and A, the same asF, .hend A,
are opposite in phase, Heat advection (A > 0) is accompenied by asceniing vertical
currente (K > 0), waile cold sdvection (A € 0) is accompanied by descending vertical
2 S currente (K > 0). This is reflected in the obitzained results,
Having carried cut a preliminary verificatlion of the method of computirng non-
turtulent advection, and having exylaired its possibilities, let us pass over to a

calculation of advection for the statizre characterizing the principel climates cf the
b P

earth (Table 59).
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{-wStationl Characterizing th' incipal climates of tho

; "**Tcrraatrla¢ Sghereu —

RN .$t&faion

N R R )
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DR O < X2

A .
h wyeoywan> e ol

Azsuan
Erasnovoisw
Barnaul
Turukhansk

Shanghai

Yladivostaok

Bombay

Lisbon

Philadelphila

Batumi

New Orieans

4C
40

32°53'B.

|121°90°

Tropical continental
Subtropical continental

Temperate continental

- Subarctic continental

Subtropical, monsoon, eastern
seacoast

Temperate, monscon, of eastern
coasts (of continents)

Equatorial monsoon

Subtropical, of western
seacoast

Subtropicel of eastern
seacoas?t

Subtropical, mumid, black-Sea

Subtropicel of the western
periphery of oceanic anti-

cyclones

The values of A, A, , and 4, , at thesa stations for the four months (Decexber,

March, June, September) for the 10- and 1f-xilometer layers ere giver in Table 60

and illustrated in Figs.

26-36,

Table 60

Heat Advection and Horizoatal Turbulent Heat Transfer .
in the Principal Clinmates of the Zarth

(kilocalories/sq.cm. month)

O e AR " A A < A 4 W e A T Ao AR et —
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‘Fiz. 26, Anmal Course of the Advection and Horizontal Turbulent Transfer of Heat.
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Fig., 27. Anrual Course of the Advection and Horizontal Turbulent Transfer of Heat.
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Fig. 28 Annual Course of the Advection and Horizontal Turbulent Transfer of Heat,

Barnaul,
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Fiz. 29, Annual Course of the Advection and Horizontal Turbulent Trensfer of Heat,

Turukhansk,
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Pis. 30, Anmel Course of the Advection ané Horizontal Tur‘bulen't Transfer of Heat,
Shanghai,

-
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Fig. 31. Anmual Course of the Advection and Eorizontal Purbulent Transfer of Heat.

Vladivost Oko

kilocal/cm2/month

Fig. 32, Annual Course of the Advaction and Horizontal Turbulent Transfer of Heat.

Bombay.
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Figs 33. Annual Course of the Advecticn and Horizontal Turbulent Transfer of Heat,

Lisbon, \ kilqcailquymonth

ok //\
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-

Fig. 34. Anmal Course of the Advection ané Horizontal Turbulents Transfer of Heug,
FPhiladelphis.
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kilocal/cm2/month

Tig. 35. Annual Course of the Aivection and Horizoatal Turbulernt Transfer of Heati,

Batumi

-

Fig. 36. Anmal Course of Advection and Horizontal Turbulent Transfer of Heat,

New Orleans.
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Exaéxination ofJ-Table 60 and the graphs in Figs. 26-36 will reveal some quite

o.efmite*princzples -in the-spatiel ard temporel dietribution._on. nontu'bulent heat .y -

= transfer in the atmospherc. S e a - —

First.of all the latitudinal component of advection. A is, as a.rule; _positive .
in winter months and negative in summer.months for. all reglons having a continental .
climate e.nd for the western seacoests of the oceans, - We 'nave already o'btained the
same results with regard to the Zuropean portlon of the Sonet Union. J\lopg the .eastern
seacoasts of Asia and }.’orth America the values of A&, are positive in summer months
(Vladivostok, Shenghai, Philadelphia).m.sn\tl‘c)i an annual course of Ay is explained, as
noteu. a’oove by the anrual ccurse of tempera.ure + atrast. between the continents and
oce&nS, s . ‘ LT e '

-1Ih winter tke westerly flow brings warm air masses from the oceans to the continents
end cold air maeses from the continents to the oceans, In suzmer the converse takes
place. The meridional component A, reflects the characteristic 'features of the regime .
»f general circulaticn in various regions in greater detail than Aj.

Let us examine regions with a monsoon climate. For Shanghzi and Vladivostok the

neridional component ;‘6 is negetive in winter months and close to zero during summer,
Such an annuel course ¢f A‘.' is closely related tc the seasonal change in monsoon
currents ln that region. In winter, under the influence of the Siberian anticyclone,
cold winds blow frem the r{orthwest, while in summer, there arrives from the scutheastern
part of the Pacific Ocean subtroplczl air having thermal properties differing little
from the air of the mcre northern seacoast regions, For Bozbay the meridicnal component

4, is small both in winter and in summer, since the thermal properties of the air

masses transferred in the subiropics in the meridicnal direction differ but little
owing to the smaiiness of the meridional temperature gradilents,

In order to ascertain that the annual course of A, at the staticns named above
. is caused viz., by & monsoonal circulation, we heve calculated the A, Tor the lowest

S-kilometer lgrer in which the monsoon currents are cistrivuted. The velues of A,

for that layer are given in Table 60 (Shanghai, Viadivostok, Bombay) and are illustrated i

STAT]
-200-
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in Figs, 30, 31, and 32, Iror which it is evident that the annual course of A,

characteristic of the monsoon climate .is.formed.in.the.lower troposphere,-womto . - .o0.

Let us notes that in the ,,subtropicél;,climate :af A,the;egsternlcoéét;éf .th;»j.t]fanti.»m o
Ocean (Lisbon) the values of A, in the course of the year are neg;a..gj;y:e,’_ and the annual

curve of A, agrees with the corresponding curves for the monsoon regions in the same

+ ‘latitudes, 4s for the eas‘aernI. seacoast, however, the negative values of A, reflect

the influeacs of the Azores' "High'" under which during the :cc‘:r:s?‘:»r-c}f the year northwes’

" winds blow from the ocean; the northwest winds bring cold air masses' Srom the middle |,

latitudes, in both winter and surmer. 7 oL L =

The ef‘:"e;:t~ of the subtropical high-pressure belt manifests ivself also in- Nor'th
Africa (Assuan), Here, in summer, blow northwesterly winds transportiny from the -area
;)f tile Azores'! "Eizh" considerably more heat in sumner than in winser, .- -

On the Atlantic seacoast of North America (Philadelphia) the effect.of the subtropi-
cal "High" manifests itsel® also, but i%s tendency in-the anmual course.is: opposite {o
that which takes place in Horth africa, . )

In winter a relatively greater amount of heat ‘han in, surmer arrives.from the
southeastern periphery of the subiropical anticyclone inio the higher latitudes.

. In Siberian reglons with a temperate continental clinmate. {Barnaul) the influence

of the Siberlan anticyclone in winter manifests ii{self; the anticyclone transports -
relatively warm air massas zlong its scutheastern periphery, while in summer north-
westerly flows of cold air fron the Arctic Ocean penetrzte into this region,

In the northern porticn of Siteria (Turulhansk) ¢sld winds dlow in winter from
thé aorthern periphery of the Siberien anticyclons, and thersfors, cold advection is -

distinctly expressed hare during the wirter morihs,
\

expecially wit: respect ic Lisvon.
read "eastern coast'.

eSS
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the latitudinal croes—-secuion o*' advection A (a.long 90°1>Io Latituﬂ.e)

B e e e e T D

it :.s. a.'l.so of interest to Qo“struct 1..5 neridm:al cross—sect*on. Leu _us: select e

g the ’-’z;.c:ilc O-ean.A The *.c.lues :u A ..m t}e 10-- a.‘a lo—zcilometer

la‘bitudmal cou.rse oT AA 1n Dece...oer reflec.,s uhe wintertiue ten perature contras ts

—-"’oe..ween’ the Asia.t:tc Ccnt:reﬁt anﬂ. .,he Pac..fic Ocea.n a. var:.ous Iauz.‘udes. In ths :

-z ..;7;:»,,;-_

temnerate 'belt cola. a:.r masses come»..o the ocean *‘rov the cortuent vaile in the . ©

! - v i

:subtroplcs a.nd tropics ’sce mcoming e.:.r masses are warm. :In summe* the "ongitudinal

B

_tenueramre cor.trasts between Ji:he ccn’ci e"xt and. the ocean in the mac_le latitudes

aecrease in absolute va.ue ar.d. ’become poutwe. Therefore, in Jwas the values of ‘AA

here a..e s...all and- p051t1ve. In tke low latitudes they are yosltr'e both in wlnter

aml in summer. The meridlo‘ al cozxponent Ae is positwe,in both winter and sumner at

all latztnues except fo {the troplcs, since in the 1‘85102 of lo':g:.tuue 180° varm winus

from the soutneasnern per phery of the Pe.c:.f‘c “uow" ‘a.nd the northeastern periphery

of the su'btrop:.ca;. MEigh" dlow during the entire yeer, The tendency of Ag %o decrease

in the tropics manifests the effect of {rade winds, whick trenspori cold air (A, £ 0 )

into the low latitudes from the norvheast in winter. As for the anti-trade wind, its

effects do nct menifest t'xenselves in Aé » since it is essenticlly a westerly currens, -

The abvove a.nal:;sz.s nizca tes that in the computed values of nontur'bulent a.dvection
A, and its comporents there are also expressed, rather clearly the pectﬂiarities of 7
-
the'various climates of. bne earih, ‘vhick'are associated with the_character of the
general circulation a.nd‘ the distribution of cuntinerts and oceans. Therefore, a
detailed study of the velues of ronturbulent acvection both on tkhe tasis of mean long-

period data and on the basis of data for individuel years may be of definite irnterest

to climatology ard long-renge symoptics,
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Table 61
Heat A_d.vgctibn and Zorizontal Turvulent Teat Transfer for

18092 Longituie

i

Characteristic of ?*

the Advection and

Turbulent Exchang
of Heat

Decenber

L?PP?P*
waNnwonol

§

v
ez b DU st o
.

- i

QJ ) I’ig."j'{; "Heat Advection and Horizontal Turbulent Feat Transfer fc;r I:ongitude 180°E.— .

Dacember

{
i
|
q
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E - Ehald < .
.«.—-wwgu s'l' el e b

kﬂT— cal/ t.:x_n.z, month

‘ ) Fxg. *3-8‘."'*Heé.t~ Advection and—Ebi'.iéonifaiﬁ-‘rui:'bulent Heat Trensfer for Longitude:180°E.—
\/ - - ot - e

- )
»

In using the-data-on total advecticn from [37 1t is possible to estinmate
ho*-:.zontal turbulent trax\sfer‘?;,h'( n). The values of these ﬁuxee are presented in

" rables 60 and 61-and in Figs. 26-38. ‘In all cases concerning "the va.luea of Fy, h,the

T

' te'i;lenc'y :airéady 'né;xti;med previouslv is manifested; their varia.tions in t:.me andé

‘spacs’ a.re opposite in’ m.ase with re"pect 6 va.rzations of A..

Knowing I‘t h a.nd. ‘having estimated the Laplacian of the temperature

| "‘_‘_ 1 T,
+sln00h£

, [ PUUIR '

it 13 possible to celculate the mean values of the coefficient of ‘horizontal turbulence

for the emtire atmosphere, In their order of cegnitude (106 ¢ square meters/second)
tkey correspond with the results-of caleulations by ’o*l':her in@estigators. ;.—,:
The “horizontal turbulent fluxes of heat in the etmosphere are conditioned on the

Q/ ‘one hand *by temperature lcémtratsts "between the equator and rocle and, on the other hend,

by tempereture contrasis between the continents and oceane.,

- 213

..."’

of

Declassified in Part - Sanitized Copy Approved for Release .' 5

0- Yr 2014/03/21 CIA RDP81 01043R004000180006 8



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/21 . CIA-RDP81-01043R004000180006-8

H
TR ,,_.%‘4":-%% D

Obviously. meridional transfer does_not. cnanée the sign of the tur'bulent fluxes of

" heat Ty, hin the” ‘annual course masn-uch s it ‘isalways” directed polevard fron” ’che‘—f-’—-'—-

PR PRRRCR — 2

A‘;ﬁﬁétpjg. Ir.s contri’bution to the heat” content of ‘the atmosphers is negatlive in the

o=,

low 1atitudes and positive in the hizh latiiudes. The annuzl course of the obtained

values of_:I't nis conditioned by the thermal interaction between the continents end
A .
)

a2

oceans, As is known, V.V. S*mleygtn was concernad with the problems of the horizontal
macrotur‘bulent traneport of heat in the atmosphere., The velues of the deviations of
tenmperatire at varlous stations from its corresponding mean letitudinal values were

selected..’oyjhuleykin as the index of tux_'bulent axchange of heat between contirents and

oceana. “The isanomaly charis plotted (by S.T. Pagava) on the basis of this data
ind.lcate the diractions of the furbulent transfer of heat in the atmosphere - it is

' directed perpendiculerly to the 1sanoma11es. meb to eddy diffuslon, heat spreads in

all directione f_ron; the ereas of positive values of the isanomalies and flows into tke

ereas of negative values of the 1sanomalie's. Tuerefore, the znnuel course of influxes
Ft;h must be assoclated with the seasonal shift in the signs of the isanomalies, Let
us analyze fron this sta.ndpoin.. the obtained values of Ft . o .

In. su.mmer the contin°nte are, as a rule, occupied ‘cv areas of positive isanomalles,

and. tur‘bulent hea.t mist ’low out from the continents. And 1n effec'c negative va;.uﬂs

T of Fth ha.ve been ohtained. in the regions located near oceans in the sumer months (Assuan, :

: ﬁ‘BombaJ, Shanohal, T.Ladivostok Turukhansk New Orleans, ;hiladelnria). In winter, ..he

,ev o‘_, B

‘mmrce regions of hea’c ‘are displaced. to ocea.ns, w‘:il= fur‘buleat heat flows towa'"d the :

3 ,."4 ~ .
A LT R = ML o @ R N

continents, and therefore posi ive > 1ues of Fth are oatameﬂ. at ae sa:1° stations 1n )

S Y PR R ...:'

L the wmter months.~ For the Bombay stat:.on there is a- marked tendency toward attenuation

)

-,3 B

J in the annual course of Ft h which is obvious]_y associated mth the general attenuation e

~ (‘ ~'m.;o.

;o.f.‘:“-seasonal ifference in the climate of tropical latrbudes. The positlve values o*‘ Ft h,
% ' "4

inhsummer .f.‘or Lisbon and Batum. should be assoc:xated witn tne influxes oi‘ heat from the )

;.» E

source region of heat sn.tuated in North Africa and also n‘om bhe subtropical belt Of

a.noicyclones.

In the interior areas of the continents and oceans the sizns of furbulent heat
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Va- hes Loy t,h
- Itas. W

vl th the :.nfl\.x of: ee.t rom

1,

ST, U, e et e ey

1sancmalie 1oce.tea. north of the .Aral Sea while the n.egative values’oi‘l‘t.

[ = ° - ' . ; ———T
L - g e

Lena fiver.u Af Barﬂaul ‘:tue posi‘aive val.le< of Ft hdurmg'winte

ot

_4«
W8T et

1ﬂi‘1ux cf heat. n’oo t’nls. seco'm. :.L'oerian source region o. cold.

»\-..,.

-,t h -
assocmved wit‘i the influx of hee.t from the northeas ..ern part of ’che Pa.cific }

there exists a major source region of heau in wmuer in he Gul“

A A et =t R T

-_4‘

Y : - 2 Y., - > -
in Decemoer in t‘le region o“lme:.t.ule 180°E nort‘vx of;_latituae hS%T may 'be

g -

g
_‘11

In lower 1'xtitu<1es, uhe negetive values o; Ft hiur:.r.g win ter in tne Paciflc Ocean

B ) . - R - h

e ———

f

(where‘there are no 1oca1 source renons c: “ee.t) e conditioned. 'bv the general efﬂux

K._C‘ Tt

01 heat towa:rd the cortmer_w. In Jx.nﬂ Ft h along longitude 180°“ has nega*ive values, o

[ . N

T

dp

wh:.cn o’bviously is aesociated v:.th tne e"lux of hea toward tne ncurce region o*’

- ~ “ -

- e

loc°ted ;Ln .,ne eas\.ern pe.rt of -t“e Pacxfic in summer.

=
\
L4

[N

Ky

. .
e '~1A TR A -»u*"‘

: e:i, _'éuxbaler.t fla:;(es of nea.’c ere sz:a..l e.na pass throuan zero values.

—iE - - - . 5

T e
h %

e,

T‘ne values and. s:.gns of 'b.e aeat “1u:ces of t h onta:med by the heat—balence ne‘anoa.

do not co uraaict the eualitatlve represrént(a%;iOﬂs abont the chrection of tl e tu'oulent

s e px BH o o ~

\.rans;er of hea’c in the aumoap‘\ere. Ty 1is autESvS ta the suffic:.e'rh re‘l"ia.‘ba.lity o“‘ the

frr e e iy

|
|

T e o .
Qs ke

Eeval‘aations of tur'bulent hea exwuﬁb"‘ d'.::i:‘g,atmospheric macroproceeses “by the hee.t-:

. O . R .
-«.\».- PO, . . v . N P

b}lauce méihoa. ' )

™

f

this Chapter., I I:-oposefa e new method

- . 4

the advechive macrctrans.; er heat. This metho¢ &iffers from previocusly

D ' : N

ods cin" ‘these aspects.-.
The propo:ed mnt od is alrect angd conse&uent’v s more accurate :m ccmparlson

-7-- - e e . -

- i ._,. = emme ..,( A

irect method of &eterm :mg au.vection a5 2 rasmual sera of _tue egquation of

alance of the atmosphere. The latter, indirect method, provides the general
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»1—~-—~_;-_____~qua.ntitat..v~ chiracy cristics_ ofJbotx tire_advective and the mcro“’-'b .ent transfers of

N Oyh.er congor.ents of ﬁe’hET.ﬁL" alance._ LT

o n: (2)- The proposed nethod makes it possible to determine A for layers i

atmosphere of a firite thickness (which camnot be made By the heat-balance method)

) (3) The progosed method makes it possible to comjute the components o advection——

latitudiw{ & nmeridional, ‘ T
The last circunstazce prov*dee tle o‘)portuﬁ »» for 2 more detailed a.nalyszs of the

procesees of heat relsase in the e.tros-!:ere and 'or deterzining not only the incom%outgo

7

characteristics of advective procesaes A, tut also the quanvitetive estinate of the

contri‘bu{:lons of the latitudinel and meridional transfers of a:.r nasses, respec..ive"v

in ths tota.l nonturbulent heat trans.ter. Up until the present ti.me it has been possiblef

. to’ .neoriz ) L"J cut the direction of advective fiuxes only indirecily [57 The presently
o'btained relaticiships between the components of advectior and its total vaiue &

determine goqulebeiy the prevailing directions of the heat transfer in warious regi:oﬁs

.- and in d.if*'erert seasbns.

Calmﬂ.a.tlons 6° the qua.n.,ltative charscteristics of the advective transfer of heai:‘

e ERN

gake i\‘: pg@sxole’ 'co 1nvesugata more’ thorousnly the energehc a.spect of the processes =]

.

:Aioi' éeneral cirma’cion. B.esearcn in the energetics of atnospheric procPeses are ctill
f&r fror 'being su.ffic:.entlv d.eveloned. There is, however. no doubt that such investi— R

ga.uions mst: be o_ funnamontal :Lmyortance to the px\ysics of the atmosphere, '

o

J.he possi‘oility of determ:..-i the velues of the norizomal macroturbulen.. heat

tz:anﬂfer as a resmual ‘term. of tne equatlan of neet oal..nce o" the at-wosphere he.e “bnen )

-e - ° : ._ I)’

- pointed ou.t.

{ -

In’ "hie ww, the advectlve end the ourbulenu ma.cro-tre.nsfers of heet have dean for“ )
the first tme successfully differentiated frow e?ch cther, Such a distinct analys:.s

may,promote the advancement of lcnowled’ge about the heat regime of climate and weathrer, _
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